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At the New York Telephone Company's Triangle 


exchange in Brooklyn, 


emergency batteries stand ready to deliver 2000 amperes fur several hours. 


How a whiff of stibine 
led toward lower telephone costs 


In the Bell System there are a million 
lead storage battery cells connected to 
telephone circuits in the central offices. 
Current seldom flows in or out of these 
cells beyond the trickle which keeps 
them charged. If power fails, they 
stand ready to supply the current for 
your telephone service. 

Even in this stand-by service, cells 
require water to make up for electrol- 
ysis. And they consume power and 
eventually wear out. But Bell Labora- 
tories chemists discovered how to make 
a battery which lasts many more years 
and requires less attention—by chang- 
ing a single ingredient. the clue to 
which came unexpectedly from = an- 
other line of their research. 

The clue was a minute trace of 
stibine gas in battery rooms which 
electrochemists detected while on the 
lookout for atmospheric causes of relay 
contact corrosion. In small traces the 
gas wasn't harmful but to battery 
chemists it offered a powerful hint. 


BELL TELEPHONE 


For stibine is a compound of anti- 
mony—and antimony is used to harden 
the lead grids which serve as mechan- 
ical supports for battery's active 
materials. Tracing the stibine, the 
chemists discovered that antimony is 
leached out of the positive grid and 
enters into chemical reactions which 
hasten self-discharge and shorten 
battery life. 

Meanwhile, in the field of cable 
sheath research Bell metallurgists had 
discovered that calcium could be used 
instead of antimony to harden lead. 
And theory showed that calcium would 
not react destructively in a_ battery. 
The result is the new long-life calcium- 
lead battery which cuts battery replace- 
ment costs, for months without 
additional water, and needs but % the 
trickle current to keep its charge. 


goes 


It demonstrates again how diverse 
lines of research come together at Bell 
Telephone Laboratories to keep down 
the cost of telephone service. 


LABORATORIES 


Working continually to keep your telephone service big in value and low in cost. 
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The Nature of Engineering 


By MORROUGH P. O’BRIEN 


Dean, College of Engineering, University of California, Berkeley 


There have been many attempts to de- 
™ fine engineering and it is, perhaps, pre- 
fimptuous to formulate another defini- 
fon. However, the planning and accredi- 
fition of engineering curricula and the 
Hgistration of engineers have developed 
i increasingly urgent demand for a gen- 
@ally accepted formulation of the nature 
@ engineering and of the qualifications to 
Beexpected of engineers. The Committee 
m@ Engineering Schools of the Engineers 
(ouncil for Professional Development has 
proposed, tentatively, a definition which 
@most meets the need but which, in my 
(pinion, may be improved somewhat. My 
Proposal is as follows: 


The activity characteristic of professional 
@gineering is the design of structures, ma- 


Se mines, circuits, or processes, or of combina- 


fons of these elements into systems or 
Pants and the analysis and prediction of 
Meir performance and costs under specified 
Working conditions. Professional engineers 
Me persons qualified to engage in this 
Rtivity. 

This statement impresses, many engi- 
Beers as being unduly restrictive. It has 
een formulated in an effort to discern 
He sine quo non which characterizes en- 
meemeecring as a profession and to exclude 
feme many other activities in which profes- 
onal engineers engage successfully. An- 
mener approach, which is fallacious and 

Misleading, is to develop the scope of en- 

Bineering from an examination of the 

Mork of individuals who are evidently 

Mmpetent professional engineers. The 
Moundaries of the profession thus de- 
Seribed are vague and include many other 

Meupations. The terminology employed 

Mthis statement requires explanation and 


its general intent should be clarified by 
examples. 


Aingineering Functions 


The word “design” is employed here in 
the broad sense of planning but includes 
the more restricted meaning implied by 
such terms as machine design or bridge 
design. The general layout of a factory, 
mine, irrigation system, or power plant 
and the selection of suitable equipment 
are design just as much as the necessary 
calculations and drawings, and in fact, 
represent the higher levels of this func- 
tion. Furthermore, one might expand the 
definition to include in the meaning of 
“design,” the prediction of performance 
and cost, thus making the second half of 
the statement redundant; but in view of 
the more restricted sense in which “de- 
sign” is so frequently used, this amplifica- 
tion seems desirable. 

If design is the characteristic activity, 
what may be said about the other fune- 
tions frequently listed as falling within 
the scope of engineering, such as research, 
teaching, production, construction, main- 
tenance, sales, and others. The definition 
excludes them on the ground that they 
are not inherently characteristic even 
though many engineers engage in them 
successfully. 

Consider, for example, the sales engi- 
neer who analyzes a customer’s require- 
ments, compares these requirements with 
the characteristics of his product, and 
makes a recommendation, supported by 
an analysis of costs. He performs an 
engineering function in the strict sense 
of the definition but it does not follow 
that all salesmen of technical products 
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should be classified as engineers.. Many 
professional engineers engage in research 
and teaching but it does not follow that 
anyone is to be classified as an engineer 
if the person engages either in teaching 


subjects basic to engineering practice or 


in research contributing to the solution 
of engineering problems. Planning a 
construction plant and the related flow 
of materials and predicting the construc- 
tion costs is an engineering function but 
the direction of large scale construction 
operations does not ipso facto qualify a 
man as a professional engineer. It is be- 
cause these, and other functions fre- 
quently mentioned as being within the 
scope of engineering, do offer opportuni- 
ties for engineering practice in the strict 
sense of the term that professional engi- 
neers, in ever increasing numbers, engage 
in them. 

Management is frequently mentioned as 
an engineering function because the de- 
sign of the production methods and the 
design of the organization which is to 
carry out these methods is as important 
as the design of the machines. In this re- 
stricted sense, management would qualify 
as an engineering function under the 
definition proposed because the perform- 
ance and costs of the individual machines, 
cireuits, structures or processes, and of 
the overall productive system, including 
labor costs and labor productivity, would 
be involved in the design of an organiza- 
tion intended to carry on a technical activ- 
ity. However, management is used in a 
broader sense and generally pertains to 
the direction of an organization. The 
design of an airline maintenance base, 
requiring an analysis of the components 
to be inspected and repaired and the cost 
of these operations, should be included, 
but the construction and the management 
of such a base are not inherently engi- 
neering activities. 

The element of cost in the definition 
requires attention. In order to predict 
the initial or operating costs, the wages 
and productivity of labor must be known 
and this brings into the problem the re- 
sults of many specialized activities such 
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/ Diversified Character of Engineering 


Reviewing the many restrictions men 
tioned, the question may well arise as tp 
whether anyone practices engineering. 
The answer is that engineering has be 
come predominantly a group activity a 
which a single individual seldom carrig 
through all the characteristic components 
at any stage of his career. Through edu 
cation and experience one becomes quali- 
fied to “analyze and predict performance 
and cost” but only rarely does one ind: 
vidual carry through all the steps implied, 

Engineering educations aim primarily 
at providing a basis for the quantitative 
and scientific aspects of the analysis and 
prediction of performance. A. start is 
usually made in the direction of analyz 
ing and predicting costs, but progress in 
college is not sufficient for professional 
practice. Experience is necessary to 
round out the individual’s capacity for 
prediction of performance, especially of 
systems involving men as well as ma- 
chines, and of costs. The best test of 
the qualifications to carry on engineering 
work in the sense defined is the actual 
doing of such work, u.ually in a sequence 
of assignments carrying increasing re 
sponsibilities for planning and predic 
tion. 

No mention is made in the definition 
proposed of such terms and phrases as 
“art and science,” “use and convenience 
of man,” or “the engineering method.” 
This omission does not imply any lack 
of appreciation of the importance of pro- 
fessional ethics, services to mankind, or 
other aspects of professional practice. 
The aim has been-to define that activity 
characterizing engineering and to strip 
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Some physiologists 
ind psychologists are concerned with the 
fect of machines on men. i 
wpect of these subjects, namely, design, 
malysis, and prediction, is characteristic 
if engineering. Only those individuals 
who are qualified to engage in this char- 
uteristic activity are engineers. 

This discussion may be concerned with 
sfine distinction having no practical im- 
Many words have been writ- 
n on it without providing a clear cut 
sis for such practical matters as the 
rgistration of engineers, and perhaps a 
imple way of ending the discussion is 
fosay that engineers are persons who are 
rgistered as such. Perhaps the distine- 
ti between engineering and what engi- 
neers do might be illustrated by reference 
fo another profession, pharmacy. If one 
mdertakes to describe pharmacy in terms 
of what pharmacists do, a visit to the 
emer drugstore would produce the con- 
dusion that they are primarily managers 
or salesmen in small enterprises engaged 
in the sale of cigars, magazines, cos- 
metics, stationery, and so forth. 
might add that they follow a special 
“pharmaceutical” method in the display 
of their wares, that they perform a public 
service, and that occasionally they fill 
medical prescriptions. 
might be realistic, but it would not pro- 
vide a basis for the registration of phar- 
macists or a guide to the best method for 
their education. The confusion regarding 
the nature of engineering stems from the 
same cause, namely, definition in terms 
of the work of men educated in engineer- 


This statement 


A definition should not set up a barrier 
to the acceptance of positions, nor should 
it set a limit on the programs of engi- 
Engineers have been 
suecessful in many fields, and particularly 
in research, teaching, production, con- 
struction, sales and so forth, and there 


neering schools. 


should not continue to consider these 
employment opportunities in planning 
curricula and advising students. How- 
ever, these sidelines should be treated 
as such and should not become the prin- 
cipal objective. 


Science and Engineering 


There exists a difference in viewpoint 
and purpose between the engineer and 
the scientist which is basic and essential. 
The similarity in subject matter presented 
in their formal education has tended to 
obseure this fact, especially in the minds 
of many professors of both science and 
engineering, and it is of the greatest im- 
portance that this divergence be clearly 
understood. Chemists, geologists, mathe- 
maticians, and physicists differ from en- 
gineers not in the distance which they 
have traveled along the road of science. 
They have moved along a different road 
entirely, and one which bears only a 
superficial resemblance to that followed 
by the engineer. The road surface and 
other details of construction are suffi- 
ciently alike to confuse a stranger un- 
familiar with the terrain but there the 
similarity ends. Failure to recognize that 
there are really two roads leading in dif- 
ferent directions can only result in wasted 
effort and confusion. True, the two roads 
diverge gradually and there are cross- 
connections between them, but the fact 
remains that they lead to different desti- 
nations. 

The activity characteristic of engineer- 
ing has been defined. A similar treat- 
ment of the nature of science is difficult 
to formulate, especially for an engineer, 
but the differences between them pertinent 
to this discussion may be brought out by 
some quotations and examples. 

In an address before the British Asso- 
ciation for the Advancement of Science, 
R. V. Southwell! made the following 
statement: 


1R. V. Southwell, F.R.S., Presidential ad- 
dress before Section G, 1938. Reported in 
Engineering, August 26, 1938. 
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‘*Wherein, then, does the outlook of the 
engineer differ from that of the physicist? 
Mainly, I think, in that his problems are 
inexorable, and he recognizes them as such. 
The physicist, despairing of progress along 


a path attempted, is free to try some other. . 


The engineer has to solve the problem as it 
is presented, and some solution he must have, 
even though it be only approximate. 

‘*Now uncertainty of this kind does not 
enter into the physicist’s scheme of things 
at all. The physicist’s problems are funda- 
mental, and he is not the man to let them be 
complicated by additional difficulties. If 
corrosion is a potential source of trouble, 
then he will use gold if need be; if magnetic 
flux is caleulable only for one or two par- 
ticular shapes, then he will use those shapes. 
Because throughout he is free to choose; his 
shapes are not dictated by constructional or 
manufacturing requirements, nor his mate- 
rials by considerations of strength or cost. 

‘*Simple illustrations are best. Let us 
visualize the attitude to elasticity of a phys- 
icist who still retains some interest in Nine- 
teenth-Century physics. He will be inter- 
ested in Hooke’s law, and in its interpreta- 
tion as a statistical average of effects due 
to forces from very many atoms. He will 
recognize two distinct types of strain, the 
first involving change of dimensions without 
change of shape, the second change of shape 
without change of volume, and he will de- 
vise ingenious experiments for measuring 
the two relevant elastic moduli. In this con- 
nection he will study Saint-Venant’s theory 
of torsion and of flexure, and he may even 
pursue the harder parts of elastic theory 
with the aim of eliminating errors in meas- 
urement that result from straining due to 
weight. But speak to him of the strength 
and distortion of an engine crankshaft—a 
matter of interest in practice, so long as 
engines tend to fail by torsional vibration; 
and if you find him interested then—well, 
he is an engineer in disguise! For speaking 
qua physicist he will say: ‘‘I see that both 
torsion and flexure are involved—that is, 
both of the two fundamental types of strain, 
but why study these in a body of such ap- 
palling shape?’’ And the engineer can 
only reply: ‘‘Because I must. This shape 
was not evolved for its intrinsic interest, but 
its strained form is important none the less 
—and very difficult to calculate.’’ 


One need not conjure up hypothetical 
examples to illustrate this difference in 
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viewpoint. We have all experienced thy 
complexity of engineering problems aj 
the inadequacy of scientific principles ani 
mathematical methods to their solution, 

It is the purpose of science to seek oy 
generalizations pertaining to natural phe 
nomena, and this purpose would not 
well served if considerations of utility @ 
tered into the choice of subjects for ip 
vestigation. The progress of science hy 
demonstrated that the most important a. 
vances have been made by men impellel 
only by curiosity and without thought of 
practical application. Science should hold 
firm to this viewpoint and should not k 
deflected by the glamour or the avail 
ability of funds on the side of practical 
applications. 

My comments thus far have been d 
rected towards what is sometimes termed 
“pure science,” the word “pure” connot 
ing, apparently, freedom from the taint 
of utility. We should now give considera. 
tion to the engineering sciences, such a 
dynamics, elasticity, fluid mechanics, heat 
transfer, mass transfer, metallurgy, com- 
bustion, and others. In substance, the 
subject matter of these fields may be clas- 
sified somewhere under chemistry, mathe 
maties, or physics: but they have lost in 
large measure their appeal to the pure 
science departments of the universities 
and colleges. Some individual scientists, 
principally in the smaller science depart 
ments, carry on work in these subjects, 
but the attitude generally seems to be 
that they are no longer fruitful fields for 
scientific endeavor, or at least that they 
are not worthy of the efforts of first-class 
scientists, 

The scientist idealizes and simplifies his 
problem by assuming in his theory, and 
realizing as far as possible in his experi- 
ments, simple geometry, frictionless fluids, 
reversible reactions, masses concentrated 
at a point, isotropic materials, and 9 
forth. This approach has been fruitful in 
yielding the many generalizations of s¢i- 
ence but the effort stopped short of pre 
viding analytical tools for the solution of 
engineering problems. 

A classical example is the huge gap 
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between theoretical hydrodynamacis and 
practical hydraulics which existed until 
very recent years. During the eighteenth 
and nineteenth centuries, mathematicians 
and physicists developed theoretical hy- 
drodynamics almost to its present state, 
but the results predicted by this theory 
were so completely at variance with ex- 
perience that the hydraulic engineer de- 
veloped his design procedures on a purely 
empirical basis. The theoretical results 
were correct for the conditions assumed 
but these conditions were not encountered 
in engineering practice. 

Aeronautical engineering, with its re- 
quirement of low resistance and weight, 
provided the stimulus for the investiga- 
tions, both theoretical and experimental, 
which have extended classical hydrody- 
namics so as to contribute to the solution 
of engineering problems. It should be 
noted that it was the spur of a deficiency 
of design data and methods which led to 
the rapid expansion of the engineering 
sience of aerodynamics and not the ex- 
ploratory urge of the pure scientist. 


Evolution of Engineering \/ 


Engineering developed first as an art, 
dependent chiefly on judgment and ex- 
perience, and developed the scientific side 
later not because engineers were incapable 
of understanding science but because sci- 
entific principles proved almost useless 
in solving engineering problems. Prog- 
less was made in small steps, using the 
expefience gained on one successful de- 
velopment to forecast the behavior of an- 
other slightly larger or different. The 
money involved made drastic innovation 
dangerous. Failures were carefully stud- 
ied to indicate their causes. This empiri- 
tal attitude led to the development of 
methods of model-testing as a means of 
gaining useful generalizations, and as in- 
surance against the failure of particular 
designs. The model scaling laws, required 
for the transference of experimental data 
toa prototype of different size or one op- 
erated under different conditions, brought 
into consideration many of the generaliza- 
tions previously established in pure sci- 
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ence. Suecess in this limited application 
of scientifie principles led to further ef- 
forts in the same direction. 

The basic problem was, of course, that 
in the usual engineering problem many 
variables operated simultaneously, and 
even the boundary conditions were too 
complex for analytical treatment. At 
present, the gap between basic science and 
engineering design is being closed in 
many of the engineering sciences by work- 
ing forward from pure science and back- 
ward from the tests of working units, 
but there remains much to be done in all 
of them. The requirements of engineer- 
ing design have provided the stimulus and 
and the support for these important 
studies which are an essential link in the 
process of applying the results obtained 
by the basic sciences. 

Science, either pure or applied, is not 
likely to result directly in profitable de- 
velopments and industry cannot justify 
substantial participation in it. In spite 
of the implications of some publicity, 
only a few large companies engage in re- 
search at their own expense, and such as 
they do is usually directly related to a 
development problem. Some government 
laboratories, such as the Bureau of Stand- 
ards, do engage in research in both the 
pure and engineering sciences, but their 
principal efforts are directed at develop- 
ment work, frequently for military pur- 
poses. The principal burden for research 
in science falls upon the educational in- 
stitutions; and, as regards the engineer- 
ing sciences, the responsibility is, in my 
opinion, clearly that of the engineering 
schools. It is only in recent years that 
this responsibility is being realized, and 
far too few engineering schools have 
taken steps to meet it. The post-war up- 
surge of foundations sponsored by engi- 
neering schools has been directed too much 
at development work and too little at the 
extension of the engineering sciences. 
The deficiency in these areas is great and 
it is to be hoped that the newly estab- 
lished National Science Foundation will 
provide the stimulus and some of the 
support for a more intensive effort. 
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The individuals working in the engineer- 
* ing sciences have essentially the same view- 
point and follow the same methods as 
their colleagues in the pure sciences. 
Many of them received their undergrad- 
uate and graduate training in the pure 
sciences, while others came up through 
the engineering curricula and later found 
that their interests lay in science rather 
than engineering practice. The difference 
between these scientists and the pure sci- 
entist lies in the fact that the general area 
of investigation is selected with a view to 
engineering applications and their envi- 
ronment is one likely to maintain this in- 
terest. 

Historically,. the stimulus for the de- 
velopment of the engineering sciences has 
come from the needs of engineering prac- 
tice, and there is some danger that groups 
working in these fields will lose their drive 
by becoming isolated from practice. An 
engineering school should include in its 
faculty men whose interests range from 
science to engineering practice; and when 
this situation is achieved, there will be 
a two-way transmission of ideas and 
methods, practice stimulating the engineer- 
ing sciences with its problems and these 
sciences supporting practice with their 
results. 


The Function of the Engineer in Society 


In “America’s Needs and Resources” ? 
the productivity of labor and it relation- 
ship both to machine power and to real 
income is summarized as follows: 


Sources or PowER IN INDUSTRY 


oods 

Year Men | Animals| Mach. | (1940) 

per Hr. 

1850 15% | 79% | 6% | $0.27 

1900 10 52 38 56 

1930 4 12 84 82 
1960 

(interpolated) | 3 1 96 1.61 

2Twentieth Century Fund. Macmillan, 


New York, 1949. 
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The goods per hour are corrected to 1949 
prices and are a measure of the retun 
for one hour of productive effort. In the 
period 1850 to 1940, the average industria] 
working week was reduced from 72 to 43 


- hours. 


Through the design of machines, eir. 
cuits, structures, and processes, engineers 
provide the means by which the produe 
tivity of labor is increased and the gen. 
aral standard of living raised. Many 
other groups participate in this process 
and there is no implication intended as to 
the relative importance of engineers and 
others in this respect. However, it is true 
that the efforts of engineers, using en- 
gineer in the sense of the definition, are 
directed almost solely towards increasing 
productivity or reducing the cost of essen- 
tial goods and services and, thus, towards 
making possible a higher standard of 
living. 

Engineers should understand this fune- 
tion which they perform in society and 
should be aware of, and as a group work 
to influence, the policies and laws which 
tend to expand or circumscribe his activi- 
ties. Engineering works, and the benefi- 
cial effects which they produce, require 
capital expenditures and a steady flow of 
capital, public and private, is essential to 


~ continued engineering activity. Tax laws, 


depreciation policies, real wages, interest 
rates, and many other factors influence 
the availability of capital for these pur- 
poses. As an example of the type of 
major problem, in which engineers* may 
play a part, either individually or as a 
group, is the present paradoxical situa- 
tion of rising unemployment in a period 
of prosperity. Labor productivity has 
been rising rapidly since the war and the 
volume of goods and sciences required 
by a growing population is being sup- 
plied by an almost constant working foree. 
Unemployment is growing because the in- 
crease in employables is not being ab- 
sorbed. You may well ask what can 
engineers do about such a problem. I will 
not discuss the question in detail, but I 
will give two examples. In California, 
the ceramics industry is small but grow- 
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ing, and it appeared that some assistance 
trough research and development might 
yield substantial results. To provide a 
pckground for this program, a study 
yas made of the invested capital per job 
in this industry and it was found that the 
eramics industry required approximately 
$3,000 per job as compared with $30,000 
yer job in certain branches of the chemical 
industry and $8,000 per job in industry 
a whole. This result showed that, to 
the extent that additional production of 
«ramic materials is needed, investment 
there would produce more jobs than in 
most any other technical industry. 
Another example, and one on a national 
wile, is the work of the Water Policy 
Panel of the Engineers Joint Council 
which is studying the desirable policies 
ad criteria of the Federal government re- 
sarding water projects, irrigation, flood 
watrol, navigation, power, drainage, water 
apply, and so forth. The objective is 
todevelop criteria for the appraisal of the 
inefits of these projects and for the al- 
leation of costs. For engineers generally, 
the importance of this work lies in the 
fut that money spent on such projects 
mst ultimately be derived from taxes 
m individuals and corporations. If not 
wllected in taxes and so spent, it would 
keome potentially available for invest- 
nent in other productive facilities. The 
decision as to extent to which the Federal 
government should participate in these 
water projects should depend upon the 
atent of the benefits derived, and it is 
primarily the engineer who is responsible 
for appraising these benefits. If this 
ppraisal is realistic and complete, it 
will provide a basis for comparing their 
diect on productivity and on the general 
welfare with other potential investments. 
Each water project is using capital which 
night be used to build chemical plants, 
mills, highways, and other works. 
the engineering profession is in a posi- 
fio to aid materially in this matter by 
poviding both reliable and uniform meth- 
ids of appraisal and facts regarding the 
diect of alternative investments. 
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Engineering Education 


~The practice of engineering involves 
as much of art as of science, and the art 
of engineering is best acquired through 
experience. Consequently, the young en- 
gineer should come to grips with practical 
problems at as early an age as possible 
without, however, sacrificing essential edu- 
cation. This situation has resulted in the 
general acceptance of a basic four-year 
program as the usual education of an en- 
gineer. Some schools have shifted the 
beginnings of practical experience down 
to the early years of the curriculum by 
means of the co-operative program, and 
this appears to be an effective arrange- 
ment. Those graduates who practice en- 
gineering, within the meaning of the 
definition given in this paper, probably 
should spend one or more years in grad- 
uate study preparatory to professional 
practice; but with or without graduate 
study, continued study will be necessary 
for them. 

It is not my intention to discuss curricula 
as such, but only to make a few general 
observations on matters which I feel, have 
not been sufficiently stressed in many dis- 
cussions of engineering education. 

Engineers are concerned with the ex- 
penditure of capital for equipment and 
plants. Their employees, whether public 
or private, authorize the expenditures in 
the expectation of realizing both the pre- 
dicted performance and the predicted op- 
erating costs. Excessive costs or deficiencies 
in performance have resulted from plans 
based on theoretical analyses, from undue 
interpolation of past experience, from un- 
predicted difficulties with foundations and 
materials, and many other causes. The 
obvious result is a very conservative at- 
titude on the part of the professional en- 
gineer towards innovation and change. 
Defects frequently do not appear for years 
and a cautious, waiting attitude is adopted 
towards new developments. All this is 
fitting and proper because of the respon- 
sibility of the engineer for the investment 
of capital. 

As regards engineering education, the 
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problem is to instill in the minds of the 
student a deference for experience and 
good practice without at the same time 
closing his mind to innovation and change. 
It is a dilemma of major importance, and 


I have no solution to offer except the sug- ° 


gestion that engineering courses keep to 
a minimum the attention to established 
design procedures, which the graduate will 
easily acquire on the job if his general 
background is good. However, it is also 
important that the engineering schools 
continue to emphasize the importance of 
experience and sound judgment. 
Another aspect of the practice of en- 
gineering which has a bearing on en- 
gineering education is that it has become 
a group activity. Extreme individualists 
may find their niche in engineering but, in 
general, the engineer must fit into a team. 
The usual engineering curriculum, with 
its group work in laboratories, serves both 


to test and to develop this attitude, but © 


the general pressure of the engineering 
curriculum leaves too little time for cam- 
pus activities and social affairs, which will 
do more than any possible selection of 
courses to develop the understanding of 
men necessary for group endeavor. 

A third aspect of the practice of en- 


gineering, which has a bearing on en- . 


gineering education is the attitude of the 
engineer towards the job to be done. The 
scientist is free to work on the problem 
which interests him and, if he loses in- 
terest, he can choose another. The en- 
gineer must work on the job assigned and 
the sooner he acquires the viewpoint that 
the most interesting and important job 
is the one which must be done, the happier 
and more fruitful will be his professional 
life. This motivation and stimulus of the 
need for a solution of a problem posed 
by others is most important and the be- 
ginnings of it should be developed in the 
engineering school. These remarks are 
not intended to imply that an engineering 
student should not explore fully his in- 
terests and aptitudes or that practicing 
engineers must become automatons; rather 
the engineer, after finding the niche which 
suits him best, should attack each prob- 


lem assigned with all the zest and ge. 
thusiasm that he would if he chose th 
problem himself and I think the enginegp. 
ing program of study helps to devel 
this viewpoint through the emphasis q 
laboratory experiments and problems, 
The essence of these comments is that 
engineering education presents two par 
adoxical requirements, namely, (1) that 
individuality and imagination must 
preserved in students who must also he 
prepared for group activity, and (2) that 
open-mindedness towards innovation must 
be developed along with respect for value 
of experience and precedent. These prob 
lems are, I think, common to all types 
of professional education. They are aente 
in engineering education because engineer 
ing has generally retained, for good res- 
son, the four-year period of basic training, 


Process Engineering 


In his address at the Chemical En- 
gineering Congress at London in 1936 
George Granger Brown stated: 


‘Although the term mechanical engineer 
and electrical engineer may be interpreted 
as indicating the type of energy with which 
the engineer deals, so much of chemical 
engineering is physical as well as chemical 
that it often appears that the expression 
**Process Engineering’’ might be a more per- 
tinent designation for what we now know as 
chemical engineering. Analysis of the types 
of operations conducted by so-called chemical 
engineers indicates that those operations 
most commonly encountered are mainly phys- 
ical in nature.’’ 


This term, if it had been generally applied, 
would have obviated many of the diffieul- 
ties which have attended the development 
of chemical engineering as a branch of 
engineering profession. I shall use the 
term process engineering in this discus 
sion. 

The process engineer designs or selects 
the machines, equipment, and materials 
and arranges them in a system in order 


8 Trans. Chem. Eng. Congress of World 
Power Conference, Vol. IV, p. 122, Perey 
Lund, Humphries & Co., London, 1937. 
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io control the environment of a chemical 
ot physical process so as to achieve the 
predicted output at minimum cost. 

Process engineering came to separate 
pofessional status after civil, electrical, 
md mechanical, and it missed that early 

of the development of the other 
ranches of the profession in which art, or 
judgment based on intuition and experi- 
eee, was the predominant influence. By 
the time process engineering was rec- 
ygnized as a separate branch of engineer- 
ing through the establishment of curricula 
for the education of process engineers, the 
mmber of physical and chemical processes 
filling within the cognizance of process 
agineers was so great that a knowledge 
of the art of each was clearly impossible. 
§ience and engineering science had pro- 
gessed to a point such that the field 
wuld be broken down into unit operations 
aud unit processes and the educational 
program was. thus simplified. You are 
nore familiar with this historical develop- 
nent than I am and I summarize it briefly 
aly as a prelude to my comments on the 
tlationship between process engineering 
md the other curricula. 

Frequently, when I am asked to explain 
ny conception either of the nature of en- 
sneering or of the desirable end point of 
m engineering curriculum, I turn to the 
mnual prize problems of the American 
Institute of Chemical Engineers as the 
nost compact and clear-cut example rep- 
msentative of my views. These problems 
wry in character and scope from year to 
year. In general they exemplify the na- 
tare of engineering as here defined in that 
they apply science and engineering science 
lo the prediction of performance and cost 
md, from the standpoint of the educa- 
imal process, they synthesize the pre- 
eding courses of instruction in an effec- 
ive manner. 


One point at which I am at odds with 
the typical curricula in this field is that 
the major unit processes of heat transfer, 
fluid flow, and, mass transfer are not 
treated in a sufficiently fundamental man- 
ner and too much of the instruction is 
given by instructors who are not special- 
ists in these subjects. Historically, the 
reason for this situation is that the older 
departments would not generalize the 
treatment of these subjects so as to pro- 
vide an adequate background for the proe- 
ess engineer, but this situation is chang- 
ing and a different pattern is now possible 
in many institutions. I am particularly 
interested in this point because many of 
the engineering science courses necessary 
for the process engineer should also be 
available to the students in other curricula 
such as mechanical engineering, ceramics, 
and extractive metallurgy. This is a detail . 
of curriculum planning which will have 
varying importance in different institu- 
tions. 

A major point which I wish to em- 
phasize particularly to this group is that 
the usual curriculum in chemical or proc- 
ess engineering comes nearer, in my opin- 
ion, to what all engineering curricula 
should be than any other. Some, such as 
electrical engineering, emphasize science 
and analysis to the almost complete ex- 
clusion of the cost factors and of the 
synthesis of science and economics into a 
design problem. Others, such as industrial 
or administrative engineering in some in- 
stitutions, have reduced the science con- 
tent to such an extent that it is question- 
able whether the graduates can undertake 
professional engineering in the sense de- 
fined here. The process engineering pro- 
gram in most institutions has struck a 
happy medium which should set a pattern 
for the modification and improvement of 
the other curricula. 
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An Extension of Graduate Education 
in Engineering 


By L. E. GRINTER 
Vice President of the ASEE 


Research Professor of Civil Engineering and Mechanics, Illinois Institute of Technology 


An interesting development in graduate 
education in the South is being stimulated 
by the Board of Control for Southern 
Regional Education. This Board, acting 
under the Chairmanship of the Honorable 
Millard F. Caldwell, Former Governor of 
Florida with Dr. John E. Ivey, Jr. as 
Director, is undertaking to assist the Col- 
leges and Universities of thirteen South- 
ern States to integrate their educational 
activities. The Board of Control for 
Southern Regional Education was for- 
mally organized in 1949 under an inter- 
state compact which has now been fully 
approved by the legislatures of twelve of 
the participating states1 The Board’s 
stated purpose is to assist “states and in- 
stitutions and agencies concerned with 
higher education in their efforts to ad- 
vance knowledge and to improve the 
social and economic level of the Southern 
region.” It concentrates, under mandate 
of the compact, on graduate, professional, 
and technical education. The wisdom of 
the objective is very clear since it is ob- 
viously impossible for every Southern 
State to provide education at a high level 
in every field of professional and scientific 
specialization. Although a start has been 
made in only a few fields it is visualized 
that eventually the regional group of 


1 The thirteenth State—Virginia—also has 
approved the compact subject to a constitu- 
tional amendment; the necessary amendment 
was introduced at the last session of the 
Virginia General Assembly. Texas also has 
participated in activities of the Board; it is 
expected that a resolution to approve the 
compact will be introduced at the next ses- 
sion of the Texas legislature. 


Southern States will be supporting at least 
one program of the highest quality in ead 
field of specialization extending ‘through 
the doctorate level. When this is achieve 
in the several fields of engineering, it wil 
no longer be necessary for southern sti. 
dents to leave the South for advaneel 
graduate work in engineering. In fa¢, 
it is reasonable to assume that more str- 
dents from other sections of the county 
might well be attracted by the idea of tak- 
ing graduate work in engineering in th 
South. 

The Board of Control recognizes that 
financial restrictions upon the extensin 
of facilities for graduate research as wel 
as staff limitations are likely for som 
time in the future to restrict gradual 
study in such fields as engineering below 
the level of the doctorate in many south 
ern states. Hence, an investigation of 
supplementary facilities that have as ye 
been little used for educational purpose 
was decided upon. The first of these 
plorations was undertaken with regard to 
the Tennessee Valley Authority, the prit- 
cipal focus being on development ani 
demonstration of methods for more effet 
tive cooperation among institutions of 
higher learning and non-school ageneits 
TVA was selected as a starting point both 
because of the interest shown by that 
agency and because of the wide variety 
its professional competences and prograll 
activities which might have applications 
for graduate study and research. A col 
mittee of educators was appointed ph the 
Board of Control for Southern Region#l 
Education to meet at Knoxville and will 
the cooperation of the officers of TVA 
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to inspect TVA research facilities and 
other program activities in all fields of 
geademic interest. The inspection was 
carried out during the week of May 15- 
9), 1950 by the following committee of 
ten members : 


J. Hillis Miller, President of the Uni- 
versity of Florida, Chairman 

A. J. Brumbaugh, Vice President, 
American Council on Education 

L. E. Grinter, Research Professor of 
Civil Engineering, Illinois Institute 
of Technology and Mechanics. 

Fred J. Kelly, Specialist for Land- 
Grant Colleges and Universities, U. S. 
Office of Education 

F. D. Patterson, President, Tuskegee 
Institute 

W. W. Pierson, Dean Graduate School, 
University of North Carolina 

Russell S. Poor, Chairman, University 
Relations Division, Oak Ridge In- 
stitute of Nuclear Studies 

Floyd W. Reeves, Professor of Ad- 
ministration, University of Chicago, 
and former Director of Personnel, 
TVA 

Fred C. Smith, Vice President, Uni- 
versity of Tennessee 

Frank J. Welch, Dean, College of Agri- 
culture, Mississippi State College 


Many TVA officials gave a great deal of 
time to this project, in particular, George 
F. Gant, General Manager, and Harry 
L. Case, Director of Personnel. Staff of 
the Board of Control worked closely with 
the Committee in its explorations. 


Inspection of TVA 


The work of inspection was subdivided 
by the appointment of three sub-com- 
mittees. Since each sub-committee pro- 
dueed a rather full report, the present re- 
port will be limited in its detailed aspects 
to the work of Group 1 which conducted 
the inspection of facilities for research 
engineering. This group, acting under 
the Chairmanship of Dr. Russell Poor of 
the Institute for Nuclear Studies at Oak 
Ridge, also was served by Dr. A. J. Brum- 
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baugh of the American Council on Educa- 
tion and the writer. This sub-committee 
concerned itself with the following TVA 
divisions: Water Control Planning, De- 
sign and Construction; Chemistry and 
Chemical Engineering; Power Utilization; 
Power Operations; and Power Engineer- 
ing and Construction. It is clear that 
the following academic fields were en- 
compassed: Civil Engineering, Hydrau- 
lie Engineering, Electrical Engineering, 
Chemistry, Chemical Engineering and 
Agricultural Engineering. On successive 
days the committee visited Norris Dam 
and the Hydraulic Laboratory, Wilson 
Dam and the Divisions of Chemistry and 
Chemical Engineering, and the Power 
Division at Chattanooga. 

The general plan of inspection which 
was adopted and which on the while 
proved quite satisfactory was as follows: 

Conferences were held with the Division 
heads and with supervisors in the several 
Divisions for the purpose of (a) secur- 
ing information as to unique opportunities 
for research by graduate students either 
at the master’s or doctor’s degree level; 
(b) discovering opportunities that might 
be open to university faculty members for 
participation in TVA activities to the 
mutual benefit of the universities and 
TVA; (ce) identifying personnel in TVA 
that would be competent, available and 
willing to supervise wholly or in part 
dissertations or other research projects of 
graduate students; (d) finding what ed- 
ucational experiences not strictly research 
in nature might be available in TVA; 
(e) determining what financial and ad- 
ministrative problems would be encoun- 
tered and how these might be met; (f) 
sensing the general attitude of key ad- 
ministrators toward any cooperative un- 
dertaking of the kind under consideration. 


Opportunities for Cooperative Research 


In very brief summary, the sub-com- 
mittee saw possibilities for cooperative 
arrangements between TVA and educa- 
tional institutions in the following 
of engineering: 


nizes thi 
extension 
ch as well | 
for some 
graduate 
ing 
iny south 
gation af 
ive as yet 
purposes 
these ex- 
regard to 4 
the pril- 
ment and 
ore effer- 
utions of 
agencies. : 
both 
that 
variety of 4 
| progral 
plications 
colt 
ed by th 
and will 
of TVA * 


144 


(1) Water Control of the River Channel 
including Hydrology, Hydraulics and 
Dam Design 

Obviously there is a wealth of experi- 


ence in dam design within TVA. Al-. 


though of a very practical nature, con- 
tact with this engineering office would be 
a valuable experience for a graduate stu- 
dent, and an opportunity also exists to 
study accumulated experimental data. 
The laboratory of hydraulics at Norris 
is one of the best equipped laboratories 
in the country. Experimental work com- 
parable to doctorate research is contin- 
ually under way. <A cooperative spirit 
that would be of great help in starting 
doctorate research was evident in this lab- 
oratory. In hydrology the accumulated 
data of TVA would furnish excellent 
material for thesis study. 
(2) Chemistry and Chemical Engineering 
and Fertilizer Research 

The TVA chemical laboratories have 
had an extended program in the study of 
phosphates in continuous operation. A 
graduate student would be fitted into this 
program at any level without great dif- 


fieulty. The opportunities of combining 
experience in chemical research with ob- 
servation of pilot plant investigations in 
chemical engineering appeared very prom- 
ising to the committee. A new laboratory 
building soon to be in operation will 
further strengthen this section of TVA’s 


activities. The opportunities strictly in 
chemical engineering appeared excellent 
at the master’s level. 
(3) Power Engineering and Power Uti- 
lization 

TVA has all of the problems expe- 
rienced by any other electric utility, and 
the study of these problems leads to pos- 
sibilities for cooperative research and 
thesis investigations. In power utiliza- 
tion the main emphasis in research seems 
to revolve around economics. A great 
body of economic data have been accumu- 
lated over 15 years which could be studied 
by: the methods of statistics, factor analysis 
and probability. In some of the work a 
high degree of mathematical competence 
would be necessary for research at the 


level of the doctorate, 
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Administrative Problems 


Although the inspection committes 
found excellent opportunities for coopen. 
tive thesis investigations both at the ma 
ter’s and the doctor’s level, and although 
the administrations of TVA and of th 
Universities appear to desire cooperation, 
the usual difficulties were encountered jy 
attempting to develop a plan for a work. 
ing cooperation. The overriding ep. 
siderations appear as follows: 

TVA has clearly defined responsibilities 
with respect to certain physical develop. 
ments. These developments of flood con- 
trol, navigation and power are of great 
interest to engineering education. Con 
tact with these developments would chal- 
lenge the imagination of graduate stv 
dents. 

TVA has a policy of cooperative as 
sociation with surrounding institutions 
For example, it does not distribute fer. 
tilizer to farmers. Rather it has entered 
into arrangements for distribution with 
the land-grant colleges and universities 
and with farmers cooperatives. It has 
distributed 22,000,000 seedlings a year, 
helped develop 33 state, county and mn- 
nicipal parks, but always by working 
through other institutions and organim- 
tions. Hence, TVA has established pre 
cedents for cooperative arrangements 
looking toward regional development. 

TVA has pursued the problem of re 
search on the same cooperative basis. In 
many cases, it has entered into cooperative 
arrangements with appropriate agencies 
or into contractual arrangements of 4 
more formal nature. It also has inter 
ship arrangements with colleges and wi- 
versities not only for the purpose of 
assuring itself a supply of competent per- 
sonnel, but also to encourage the exten- 
sion of professional and graduate training 
in the institutions of the region. 

Henee, a basis for cooperation truly 
exists since, in the words of the General 
Manager of TVA, “It is of great concert 
to TVA that its activities and its method 
of administration be such as to fit into 
and be a part of the Region.” Ani 
further, “If additional and improved 
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nethods of relationship with the institu- 
fins of higher education can be de- 
oped, from a selfish point of view I 
hink these relationships will be of great 
dimulation to the TVA staff.” 


The Student and the Professor 


There was much informal discussion 
if the difficulties inherent in the conduct 
ita thesis investigation at a great distance 
fom a university campus. It was rec- 
nized that, despite the excellence of the 
1VA staff in many fields, academic direc- 
fin of certain phases of the thesis re- 
yarch would be necessary. Hence, it 
wmed agreed that techniques would have 
ibe worked out to interest the professor 
swell as the student in the possibility 
i conduct of research within TVA. 
Such devices as employment of the pro- 
fysor on a consulting basis, the provision 
i traveling expenses to make it possible 
fr the professor to visit the TVA re- 
warch laboratory, for the student to make 
weral trips between the two institutions 
mi for the associate thesis director in 
IVA to visit the campus, were considered 
be partial answers to the difficulties 
iseussed. A complete answer to all ob- 
tales lies only in making the cooperative 
march arrangement desirable not only 
nthe administrative officers of the Uni- 
wsity and of TVA, but to the professor, 
te student and the associate thesis diree- 
rin TVA. If the cooperative arrange- 
wnt is without value to or is unfavorable 
bany one of these five parties, coopera- 
in will be spasmodic or nonexistent. 


boposed Administrative Arrangements 
for Collaboration between Southern 
Colleges and Universities and 
“Non-School’ Agencies 


In presenting an administrative struc- 
ite to implement programs of graduate 
tineation inherent within various non- 
thool agencies in the Southern region— 
Hare partially set forth in Section I 
love for the Tennessee Valley Authority 


the Committee believed that any effec- 
ive arrangement of university and agency 
tllaboration must be anchored to a few 
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general principles of administration of 
these relationships. Among the most sig- 
nificant of these principles are the fol- 
lowing: 

(1) That of institutional * responsibil- 
ity for award of academic degrees. 
Included in this principle is ac- 
ceptance that the institution would 
approve standards of instruction 
and programs of study and re- 
search. The institution would be 
responsible for the evaluation of 
student accomplishments, including 
the research entering into a dis- 
sertation from the point of view 
of acceptability for satisfying in- 
stitutional requirements. 

(2) That of liberal recognition and 

aeeeptance of extra-mural credits 
obtained under programs approved 
by institutions and non-school agen- 
cies through work in the agency.* 

(3) That of institutional approval of 
agency staff as eligible to guide 
and direct research. This principle 
carries with it the policy of rec- 
ognizing agency staff members as 

' eligible to direct thesis research and 
the desirability of participation of 
appropriate agency staff in final 
examinations of students whose re- 
search they have guided. 

(4) That of agency approval of in- 
stitutional staff and of graduate 
students -for work within the 
agency. 

(5) That of mutual agreement between 
educational institutions and non- 
school agencies on policy regarding 
the publication of research findings. 

(6) That of providing means for the 
exchange of information to both 
institutions and to non-school agen- 
cies of research in progress and of 
other educational opportunities in 
which both might be concerned. 

(7) That of making opportunity for 
graduate study and research avail- 


*The ‘‘institution’’ refers to the uni- 
versity; the ‘‘agency’’ refers to TVA or any 
other cooperating non-school organization. 
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Higher Education of the Regions 
Graduate Education and Research 


# Board of Control | 


Board staff, including a 
Coordinator of Supplementary 
Graduate Studies 


Graduate Deans of Insti- 
tutions 


Department Heads of 
Institutions 


-----! Joint Advisory Council = — 


| Non-School Agency } 


Agency Management 
Officials 


Director of Graduate 
Training and Research 


Division Heads of Agency 


tniveresty Advantages 


. Faculty stimulation 

. Availability of new facilities 

. Expanded graduate offerings 

. Expanded research opportunities 
. Merging of theory and practice 
. Develops regional understanding 


aor De 


able to all groups in the region 
without regard to race. 


The committee regarding the admin- 
istrative structure represented by the 
following organizational chart as adequate 
and workable. 

The many and varied detain involved 
in the administration of the programs con- 
templated in the foregoing sections should 
be formulated gradually as needed by 
those officers in the indicated positions of 
responsibility. 


Graduate Education and 
Research Program 


. Staff stimulation 

. Improved research 

Use of university facilities 

. Aid from university faculties 
. Help in staff recruitment 

. Expands regional service 


Conclusion 


The writer believes that the Board of 
Control for Southern Regional Education 
has indicated a direction for greater 
operation between universities throughout 
the country and government laboratories 
regional industrial-research organizations 
and industrial laboratories. Such reseatéh 
organizations need to learn more of theit 
responsibilities for the production o 
scientific personnel. And once the Us: 
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versity has drawn the cooperation of such 
non-school agencies it must relax suf- 
ficiently to make it possible for the ad- 
vantages of joint training of graduate stu- 
dents to become a practical possibility. 
It is the writer’s understanding that such 
cooperation is not as unusual in Europe 
as in America. 

In final reference to TVA it is, of 
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course, self-evident that TVA is a national 
institution, and, as such, any arrangement 
provided for students from southern states 
would be open to students from other 
sections of the country. It is also evident 
that TVA is only one of a long list of 
non-school agencies in which research is 
either the primary objective or at least a 
very important objective. 


College Notes 


Two new buildings were put into use 
on the campus of Missouri School of 
Mines and Metallurgy of the University 
of Missouri at Rolla, Missouri, with the 
opening of the fall semester on Septem- 
ber 11. One is the new Mechanical En- 
gineering Building just completed at a 
eost of $500,000.00, and which will house 
the Mechanical Engineering Labora- 
tories. The other is the new dormitory, 
erected at a cost of $600,000.00. 


Paul Harteck, head of the University 
of Hamburg and one of Germany’s fore- 
most authorities on hydrogen isotopes, 
is to join the staff of Rensselaer Poly- 
technic Institue on January 1 as visit- 
ing research professor of physical chem- 
istry. Dr. Harteck’s most recent work 
has been in isolating quantities of tritium, 
the probable central material in the pro- 
jected hydrogen bomb. 


Guido Ferrara, assistant professor of 
electrical engineering at the University 
of Detroit, has been named acting Di- 
rector of the Department of Electrical 
Engineering. 

Pietro Belluschi of Portland, Oregon, 
who has gained recognition as one of this 
country’s foremost architects, has been 


appointed dean of the School of Archi- 
tecture and Planning at the Massachu- 
setts Institute of Technology. The 
Institute’s new dean will succeed William 
Wurster, who held the position from 
1944 until May, 1950, when he returned to 
California to assume the post of dean of 
the School of Architecture of the Uni- 
versity of California. 


distinctive “engineering project 
plan” which places a premium on stu- 
dent ingenuity and initiative has been 
placed in operation on a_ college-wide 
basis in the College of Engineering at 
Cornell University. The program re- 
quires each student to complete. an in- 
dividual problem of specific research as 
part of his final year’s work in the five- 
year undergraduate curriculum. Proj- 
ects are assigned to single students or to 
teams of two or more. Although in- 
structors are available for consultation, 
it is left to the students to use their sci- 
entific imagination and technical ingenu- 
ity in finding a solution, Dean Hollister 
explained. A primary purpose of the 
work is to provide the young engineer 
with experience in research procedures 
in preparation for development problems 


. which commonly arise in professional 


work after graduation. 


Education 


The Social Impact of Technological Change 


By YALE BROZEN 


Professor of Economics, Northwestern University 


The first Industrial Revolution—during 
which men learned to use metals and har- 
ness animals and in which they invented 
the plough, the wheeled cart, and the sail- 
ing ship—preceded 3000 B.C. Although 
it produced Babylonian, Egyptian, and 
Greek civilization, its benefits were con- 
fined to a few people in each of those 
states. Most of the increased product 
made possible by technological advance 
was funneled to the support of a ruling 
class. This class contributed much to the 
technique of administration, to literature, 
art, astronomy, mathematics, and philos- 
ophy, but it contributed little to the 
further advance of technology, since its 
members had no regular contact with the 
effort of production. The class divisions 
which resulted from the first Industrial 
Revolution ended the Revolution. 

The second Industrial Revolution began 
its most explosive phase after 1660 in 
Western Europe. It terminated about 
1918. (After that date, the rate of growth 
of technology began to decline, according 
to Lewis Mumford and S. Lilley.) Its 
benefits, in contrast to the first Industrial 
Revolution, have spread to almost all the 
inhabitants of its primary locale, Europe 
and North America. 


Political Consequences of Change 


The benefits of technological advance 
included not only rising material stan- 
dards and improving health and longevity, 
but also the increase in human dignity 
resulting from the displacement of human 
muscle by inanimate sources of energy. 
The decline in slavery and the rise of mass 
democracy were a part of the same move- 
ment, 


At present, the political consequences of 
the shifting balance of power resulting 
from developments in the area of military 
weapons—particularly the atom and by- 
drogen bombs—occupy newspaper head- 
lines and the minds of men. Somewhat 
less obvious is the fact that technological 
advance in the production of subsistence 
goods may do as much to shift the balane 
of power as advances in the powers of 
destruction. Through a reduction in that 
portion of a nation’s resources which must 
be devoted to the maintenance of living 
standards, resources can be released for 
the development, production, and use of 
weapons. If Chinese, Indian, or Russian 
productivity could be raised to a lev 
comparable with that of the United States 
while living standards remained w- 
changed, the release of resources for war 
effort would make them far more formid- 
able enemies than would the mere posses- 
sion of the knowledge necessary for build- 
ing an hydrogen bomb. 

In the past, we have seen the center of 
world power shift from Spain to Great 
Britain and then to the United States 
beeause of more rapid technological ad- 
vance in the rising nations. Whether 
world power will shift to Russia or to India 
or China is a question now troubling those 
who must make decisions on political and 
military alignments. 

‘More than technical knowledge is re 
quired for economic progress and growth 
in military potential. Knowledge of tech- 
nological possibilities can be fruitfully ap- 
plied only by the investment of large 
amounts of capital. Even if no equip- 
ment were required to make use of better 
techniques, capital would have to be in- 
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yested in research and education. Ac- 
quiring and spreading the “know-how” 
necessary for improvement in productivity 
requires the diversion of men from current 
production and, therefore, requires capital 
for their support. The cost of sending 
British industry teams to study methods 
in the U. S., which was partly financed 
by ECA, is‘an example of the capital 
required for the task of spreading knowl- 


Thus the backwardness of a region may 
result from a lack of capital rather than 
from a lack of technical “know-how.” 
England does not lack the knowledge of 
technological possibilities or even the 
technological leadership required for im- 
provement of her average technology. 
Her great problem is her lack of capital. 
Her social mores, industrial and economic 
organization, and tax structure have 
caused a dearth of this factor. As a 
consequence, the English government faces 
the problem of increasing the capital sup- 
ply in order to raise the technological 
level. More capital and improved technol- 
ogy will be obtained only if English 
standards of living are reduced, unless 
capital can be obtained abroad. 
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Because of the intimate connection of 
capital supply with technology, there has 
been a tendency to confuse the lack of 
capital in backward areas with the techno- 
logical ignorance of those areas. Point 
IV is aimed toward the export of “know- 
how” to such areas as a method of improv- 
ing their productivity. But until the eco- 
nomic, social, and governmental structures 
of those areas are changed to promote the 
growth and productive use of capital, their 
technologies will continue to lag. 

The United States today, as well as 
backward areas, is confronted with this 
problem. Our technological advance is 
directly hinged to the capital supply no 
less than that of the rest of the world. If 
we follow policies which reduce the rate of 
saving or inhibit its flow into capital 
markets, enterprises will be unable to ob- 
tain a large supply of this resource. The 
resulting reduction in the supply of cap- 
ital will carry down with it the rate of 
technological advance. The international 
implications of this reduction in a world 
in which we are engaged in a race for 
power are obvious. 

Technological development has de- 
pended not only on the supply of capital, 


TABLE 1* 


Worip PropucTIONn oF MECHANICAL ENERGY, 1935. 


Expressed as Thousands of Tons of Bituminous Coal 


Total Power Total Power 
The world 1,649,266 Germany 207,085 
North America 659,619 Italy 11,126 
South America 45,834 Poland 29,515 
Europe (exe. of U.S.S.R.) 632,112 Rumania 14,113 
U.S.S.R. 141,568 Spain 9,658 
Asia (exc. of U.S.S.R.) 127,246 Yugoslavia 2,461 
Africa 15,123 
Oceania 26,764 China 26,755 
Selected countries: India 25,136 
United States 621,696 Japan (proper) 48,863 
British Isles 226,655 Australia : 11,908 
Czechoslovakia 17,247 Union of South Africa 13,587 
France 54,430 Manchukuo 11,828 


*A. P. Usher, ‘The Steam and Steel Complex and International Relations,” Technology and 


International Relations (ed. by W. F. Ogburn, Chicago, 1949), p. 66. 


uences of 
resulting 
military 
and hy- a 
er head- i 
omewhat 
nological 
bsistenee 
> balanee 
owers of 
n in that 
‘ich must 
of living 
ased for a 
1 use of 
Russian 
a level 
d States 
ied un- 
for war 
formid- a 
o Great 
| States 
ical ad- 
W hether 
to India : 
ng those 
ical and 
2 is Te 
growth 
ully ap- | 
flange | | 
| 
be in- 


I50 THE SOCIAL IMPACT OF TECHNOLOGICAL CHANGE 
TABLE 2t 
Wor.tp Resources or MECHANICAL ENERGY 
Expressed as Millions of Tons of Bituminous Coal 
Total Total 
The world 8,670,285.8 Germany 308,170.5 
North America 3,087, 143.6 Italy 11,3204 
South America 166,881.0 Poland 97,380.5 
Europe (exc. of U.S.S.R.) 789,548.8 Rumania 6,142.5 
U.S.S.R. 1,313,685.3 Spain 17,220.0 
Asia (exc. of U.S.S.R.) 2,347,544.1 Yugoslavia 11,359.0 
Africa 765,005.3 
Oceania 190,477.7 China 2,158,840.0 
Selected countries: India 99,754.6 
United States 2,513,693.4 Japan (proper) 41,658,2 
British Isles 177,047.5 Australia 141,158.0 
Czechoslovakia 32,932.1 Union of South Africa 210,370.0 
France 33,472.0 Manchukuo 4,804.0 
{ Ibid., p. 69. 
but also on energy resources. The dis- sources equal to about one-fourth those 


placement of human muscle as a source of 
energy was possible because of the avail- 
ability of wind and water power, before 
the steam engine, and the availability of 
fuel since. An index of advance can be 
drawn almost as readily from data on the 
amount of energy used as from data on 
the quantity of capital or from direct 
measurement. 

Using the data of 1935, the four largest 
users of mechanical energy were the 
United States, the British Isles, Germany, 
and the U.S.S.R. in that order. The fall 
of France early in World War II might 
have been predicted from the fact that its 
energy use, and, therefore, its national 
power, was only about one-fourth that of 
Germany. 

If technological advance continues to 
depend on energy resources, aside from 
capital requirements, then relative po- 
tentials for different nations may be meas- 
ured in terms of their coal, oil, and water- 
power reserves. Those of North America 
are more than double those of the 
U.S.S.R., but they are little more than 
those of Asia exclusive of the U.S.S.R. 
Europe (exclusive of the U.S.S.R.) and 
Africa each have potential energy re- 


of North America. 

In terms of the present direction of 
evolution of technology, Asia (particularly 
China, which has over nine-tenths of Asia’s 
energy reserves) and North America have 
the greatest potentialities for progress as 
far as energy resources are concerned. 
In terms of potential population growth, 
Asia is more likely to become the dominant 
world power than either the U.S.S.R. or 
North America. Only if we succeed in 
maintaining a rate of capital growth suf- 
ficient to offset the energy and population 
potentials of Asia can we maintain ou 
dominant position in world affairs. 

Russia’s great emphasis on atomic en- 
ergy development is the logical result of 
the deficiency of her energy reserves rela- 
tive to those of North America. If atomic 
and solar energy become economic sourees 
of power, the world’s energy and political 
balance may be changed. 


Technology and Population 


Technology has produced changes in the 
pattern of individual lives through its im- 
pact on the goods available for consump- 
tion, on the size of the family and its 
function and outlook, on the occupations 


high birt 
addition, 
introduct 
backward 
further 
with little 
where ini 
(if birth 
where p 
does the 
ogy lift 
Social 
velopmer 
are low, 
technolog 
as a rise 
long per 
declining 
enough { 
titudes 
family s: 
tion rise 
low level 


followed 
states. Th 
changes 1 
jnerease 
950 years 
as the 60‘ 
ing 10,00 
long. Tl 
from 0.6: 
1000. 
Popula 
with moc 
case, pr 
: standard 
Unfor 
areas in 
tion der 
plosive p 
China, ] 
bean isl 
source 
creased 
in death 
tility, he 
ae make pe 
the Malt 
One o 
tate wit! 
Occurs, 
— 


‘th those 


ction of 


followed by men, and on the security of 
states. In addition, it has produced vast 
changes in population. The 1600 million 
increase in world population in the last 
950 years is nearly three times as great 
as the 600 million increase of the preced- 
ing 10,000 years, a period 40 times as 
long. The annual rate of increase rose 
from 0.64 persons per 1000 to 5.5 per 
1000. 

Populations not accustomed to living 
with modern technology typically have 
high birth and high death rates. If, in 
addition, population density is high, the 
introduction of advanced technology in 
backward areas simply contributes to 
further increase in population density 
with little effect on living standards. Only 
where initial population densities are low 
(if birth and death rates are high), or 
where population increase is exported, 
does the introduction of modern technol- 
ogy lift standards. 

Social change lags behind economic de- 
velopment. Where population densities 
are low, a rise in income resulting from 
technological advance can be maintained 
as a rise in per capita income for fairly 
long periods despite high birth rates and 
declining death rates. If maintained long 
enough (about a century) changes in at- 
titudes determining marriage age and 
family size can take hold before popula- 
tion rise sends per capita income back to 
low levels. Technological advance, in that 
case, produces a permanent increase in 
standards. 

Unfortunately, many of the backward 
areas in the world today have high popula- 
tion densities and potentialities for ex- 
plosive population increase. Egypt, India, 
China, Korea, Formosa, and the Carib- 
bean islands find improved productivity a 
source only of more mouths to feed. In- 
creased production brings the usual drop 
in death rate and rise in population. Fer- 
tility, however, does not drop enough to 
make permanent the movement away from 
the Malthusian limit. 

One of the reasons for the drop in birth 
tate with technological advance, when this 
occurs, is the urbanization of population 
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which seems to be inevitably associated 
with advance. As productivity on farms 
rises, it becomes possible for an increas- 
ing proportion of the population to live 
in cities. Not only does it become possible, 
but the movement occurs. The directions 
of technological advance have been such 
that the assembly of materials dictated by 
technical requirements and the cost pat- 
tern dictated by the available forms of 
transport make economic the location of 
major portions of production at certain 
restricted sites. The resulting urbaniza- 
tion of the population creates circum- 
stances in which children have little value 
to the family, since there is little room for 
a garden plot or other forms of productive 
endeavor for them, and have great cost, 
since food and other necessities must be 
transported to the city. These economic 
pressures together with urban attitudes 
springing from other sources combine in 
enforeing a low birth rate. 


The Effect of Change on the Social 
Structure and the Family 


Our present value system is anti-total- 
itarian. A continuation of technological 
change in the direction of a more rapid 
growth in the efficiency of highly cen- 
tralized, large organizations than in that 
of small and decentralized organizations 
may change this. Past movements have 
been antithetical to democratic values. 
The steam engine, which is much more 
efficient for large scale power production 
than for small, gave great impetus to the 
growth of large industrial enterprises. 
Transportation and communication, which 
once made the marketing of the produce 
of large scale enterprise expensive, have 
been continuously improved with the con- 
sequent reduction of this barrier to cen- 
tralization. 

Once the scale of enterprise was en- 
larged, research and development began 
which reinforced the trend. Small en- 
terprises tended not to support individual 
research programs since saving of cost on 
a few units of product did not justify the 


expense. Large enterprises, in which a 
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small saving in cost on individual items 
meant very large total savings, found it 
economic to support programs directed 
toward the solution of the problems pe- 


culiar to their scale of operation as well as. 


those common to all scales. As a result, 
technological change produced in their 
laboratories furthered the growth of effi- 
ciency of large scale enterprise relative 
to small enterprise. 

From the social point of view, research 
which solves the problems of small enter- 
prises may be as economic, or more, as 
that which solves the problems peculiar 
to large scale production. The total sav- 
ing in cost or gain in value of product 
will be as large when small savings or 
gains per unit occur for the total product 
produced by many small enterprises as 
* when it occurs for the total product of one 
large enterprise. 

We must prevent our society from be- 
coming an aggregate of a few large or- 
ganizations if we wish to preserve our 
democracy and our freedom. The rise of 
Hitler in Germany was preceded and 
conditioned by the rationalization and 
cartelization of German industry and la- 
bor. Reorganization of research in the 
direction of aiding small enterprises is 
essential to the preservation of traditional 
American values. 

Beginnings have already been made in 
providing research and development cen- 
ters whose services are available to small 
enterprise. The Mellon Institute of In- 
dustrial Research, Battelle Memorial In- 
stitute, Armour Research Foundation, and 
Midwest Research Foundation are ex- 
amples. By the use of these centers and 
by the use of research centers supported 
by the cooperative effort of many firms, 
such as those organized by the baking, the 
laundry, and the gas industries, research 
which is uneconomical for one small firm, 
but is worthwhile for several, may be un- 
dertaken. Specialized engineering firms 
also serve this purpose. Governmentally 
supported research centers could similarly 
_ devote themselves to such problems, as 
the Department of Agriculture now does. 

Past inventions and improvements have 


not uniformly contributed to the decline of 
small seale production. The gasoline . 
gine and electric motor have done much 
preserve the family size farm and th 
small shop and to keep some produetin 
in the home. 

Up to recent times, production was pr 
gressively moving out of the home ani 
into the factory. Spinning and weaving 
were among the early casualties. Hom 
canning, baking, clothes-making, laundry, 
and entertainment are among the mor 
recent. The result was a deterioration of 
the economic basis of family life with the 
consequent decline in the birth rate and 
rise in instability in family relations. Th 
family began shifting to an emotional bax 
for its continued existence with a con 
sequent growth in the role of romantic 
love. Whether this is an improvement is 
hotly disputed by those holding different 
value conceptions. 

Recent inventions, such as the electric 
motor, the home laundry, the sewing ma- 
chine, the deep-freeze, and television, are 
moving production back to the home and 
the family. Television alone has changed 
family living habits by leading husbands, 
wives, and children to spend 40 per cent 
more of their leisure time at home 
Whether the total impact of these inven 
tions will be sufficient to raise the value 
and reduce the cost of extra children to 
the point where the birth rate is affected 
remains to be seen. Whether the increased 
economic role of the family unit will r 
duce the divorce rate cannot be foretold. 
We may postulate, however, that a con- 
tinuation of change in this direction cer- 
tainly will not hinder movement along 
these lines. 


The Effect of Change on the Likelihood 
of Continued Progress 


Technological change which _ brings 
giantism not only imperils demoeratit 
values; it also signs its own death warrant. 
Social structures which are rigid and i 
which men are not free inhibit progress. 
Change finds it much harder to get itself 
accepted in large organizations since mor 
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decisions are made by rule and less by 
revaluation of possibilities. A large or- 
ganization is operable only when a large 
part of its tasks can be put into a repeti- 
tive, unchanging form. 

Not only is change less likely to be ac- 
epted in a giant organization; it is less 
likely to be accepted in a society com- 
posed of such giants. If there is only one 
decision-maker in an industry, a “no” 
from that one is the end of any attempt to 
introduce a new idea. The cracking proc- 
ess, for example, was turned down by the 
Board of Directors of the old Standard 
(il Company. Had Standard Oil not 
been broken into several separate com- 
panies by an anti-trust decree, Dr. William 
Burton might not have found a new deci- 
sion-maker to whom he could sell the idea. 
Similarly, the National Biscuit Company 
failed to use the band oven that was de- 
veloped in its shop. Only after com- 
petitors began using it did National Bis- 
uit take it on. 

Technological change which tends to 
inerease the scale of enterprise decreases 
the opportunity and likelihood of further 
change. If a nation is to maintain its 
avenues of expansion, it must develop the 
techniques appropriate to small scale pro- 
duction. 


Has Change Been Good or Bad? 


Because of its effect on population 
density, family life, personal relationships, 
and value orientations, the value of tech- 
nological change has been questioned. J. 
§. Mill argued that “It is questionable if 
all the mechanical inventions yet made 
have lightened the day’s toil of any human 
being. They have enabled a greater pop- 
uation to live the same life of drudgery 
and imprisonment, and an increased num- 
ber of manufacturers and others to make 
fortunes. But they have not yet begun 
to effect the great changes in human 
destiny which it is in their nature and in 
their futurity to accomplish.” At this 


point, a century later, the hopeful aspect 
of Mill’s statement may seem closer to 
realization, yet we still see explosive pop- 
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ulation increases occurring in many places 
where technology is improved with the 
Malthusian consequences Mill dreaded. 

There were values inherent in pre-in- 
dustrial techniques of production which 
may have been unwarrantedly sacrificed. 
Gandhi argued for the retention of cottage 
industry to prevent the domination of life 
by the soulless rhythm of the factory and 
by unnecessarily created desires. His 
argument was convincing enough to lead 
the Province of Madras, India, to pro- 
hibit the expansion of textile mills. 

Perhaps the heedless rush to methods 
which gave more product unnecessarily 
sacrificed values which could have been 
preserved. Perhaps we could have both 
had our cake and eaten it. In the case 
of India, some observers believe that re- 
construction of capital markets, of dis- 
tribution, and of technical education would 
make cottage industry economic. With 
the present situation, mill production is 
more economic for reasons which lie out- 
side the choice between methods of produc- 
tion. If the services of a skilled market- 
ing organization, skilled inspectors and 
supervisors, and a skilled purchasing 
agent were provided to cottagers, home 
production would become economie and 
the values of the old way of life would be 
preserved. 

It may be argued that the depersonaliza- 
tion of his work and the loss of control 
over his work-setting has made modern 
man a ripe subject for the psychiatrist’s 
couch. The performance of a small task, 
whose useful end is not apparent, under 
circumstances which may be arbitrarily 
changed because of what seems to be the 
whim of remote beings, may create a loss 
of any sense of an orderly, rational uni- 
verse. Perhaps our society is sick, in the 
sense that it creates a high incidence of 
psychosomatic illness, because of the de- 
velopment of modern technology. 

On the other hand, modern man is far 
more objective than his ancestors were. 
The outlook of the scientist and the en- 
gineer has percolated into many corners of 
the world. Authoritarianism is on the de- 
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fensive because men have learned to test 
the truth of a statement by examining 
the circumstances and experimenting 
where necessary. Only by learning to 
truly understand nature could man obtain 
dominion over her. The requirements for 
advancing technology discredited author- 
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ity as a source of truth and gave mang 
attitude which, by extension into questioy 
of social policy, may enable him to ) 
come master of his social environmen, 
He may thus become able to devise th 
means for preventing the social eruptin 
which would lead to his annihilation, 


Sections and Branches 


The National Capital Area Section 
of ASEE (covering Maryland and the 
District of Columbia) held the first meet- 
ing of its 1950-51 school year on Tuesday 
evening, October 3rd, in the Auditorium 
of the Naval Ordnance Laboratory, White 
Oak, Silver Spring, Maryland. 

Russell B. Allen, Head, Civil Engineer- 
ing Department, University of Mary- 
land, Chairman of the Section, presented 
as guest speaker Dr. Thomas EK. Hibben, 
Advisor for Foreign Economie Develop- 
ment, U. S. Department of Commerce, 
who adressed the section on “Point Four 
and Its Implications for Scientific and 
Engineering Education.” Other pro- 


gram participants included Henry §. 
Armsby, Associate Chief for Engineer. 
ing Education, U. S. Office of Education, 
and Vice-President of the Society, who 
brought greetings from the Executive 
Committee, and spoke briefly on “Fed- 
eral Plans for Emergency Training Pm. 
grams,” and §. 8S. Steinberg, Dean of 
Engineering, University of Marylani, 
who reported on the Seattle Meeting of 
the Society. 

The next regular meeting of the Se 
tion will be held on February 6, 195 
with George Washington University serv- 
ing as host institution. 
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Whatever the role of the engineer is or umes. Let us pray that while preparing 
may be in national or international af- for this eventuality our engineering tal- 
Henry i. fairs, you share a great responsibility for ents will not be needed in this field. 
Engineer his effectiveness. Perhaps it goes without On the contrary let us assume that the 
Education saying that you have more influence than role of the engineer is to look and work 
ociety, who yon realize on the character and thus on for better standards of living and better 
Exeeutive } the careers and the future of the young human relationships and more and better 
r on “Fel } men who look to you for training and things for more people throughout the 
aining Pro | inspiration. world. 
x, Dean of } It seems wise to create some limiting Further, I have assumed that any en- 
Maryland, | specifications within the broad subject gineer trained in our great schools will 
Meeting of | assigned to me in order that we may expect to practice his profession in the 
come down to a practical and, I hope, in- atmosphere and against the background 
of the See | teresting discussion of the subject with of our democratic and free-enterprise sys- 
ry 6, 191 | phasis on the opportunity for the tem where the efforts of the individual 
ersity ser | Young men who are now preparing to are to be rewarded in proper proportion 
play their part in the scheme of things. to the energy and ability with which he 
In the first place, I have assumed that we conducts himself. Further, I have as- 
are to speak of American engineers in sumed that within these specifications you 
foreign service because it is the American would like to have my idea of the kind of 
agineer for whom all of us have the training and experience and general at- 
pimary responsibility. Second, I have  titude which will make our young men of 
assumed that the world will continue at the greatest value in foreign service and 
peace and that it is not the purpose of oyable them to achieve the best results 
this discussion to consider the engineer 1 for their employer, for themselves and 
war, although no one will be more im- for their country 
portant if we come to the point where the . 
fatal decision has been made to blow up 
one another and the world with atom 
bombs and other horrific instrumentalities. There has been an astonishingly wide 
A description of the achievements of change in the outlook of the American 
the engineer of World War II, in the people, with respect to our relations to 
actual military operations in the great foreign countries. The first World War 
construction and manufacturing projects and the depression succeeding and then 
required to back up our field forces and the second World War have brought us 
in the procurement of strategic and es- forcibly to the realization of intimate and 
sential materials both at home and abroad _jneseapable international relations. Any 
would require the writing of many vol- one who would have said 40, 25 or even 


*Presented at the General Session of the 15 years ago that this country should in 
ASEE Annual Meeting, Seattle, Washing- 1950 be spending billions annually in 
ton, June 21, 1950. strengthening and supporting other coun- 
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tries and peoples, would have been con- 
sidered insane. There has thus been an 
awakening of the necessity of these close 
ties with the world at large. It has been 
realized that the ties to foreign lands are 
so close and so essential that reasonable 
wellbeing and safety for our country de- 
pend in increasing measure on the ex- 
istence of corresponding conditions in the 
outside world. 

This increasing intimacy of relation is 
in part the result of the rapid and gen- 
eral intercommuniecation and the great 
speed of transportation—as compared 
with conditions a very few decades ago. 
The expanding scope of the press and of 
the radio and the increasing utilization of 
air transport have been important ele- 
ments in bringing various parts of the 
world together, in emphasizing to our 
citizens the element of foreign policy and 
of acquainting them with the working 
groups of the Government that have to 
do with formulation and execution of 
policy. Subgroups of Federal depart- 
ments are stationed in Germany, Japan 
and many other countries. 

Henee, there is more and more a call 
for men to represent the United States 
in foreign countries, in operations per- 
taining to politics, administration, busi- 
ness, engineering and construction. These 
men represent the Government itself, and 
commercial, engineering and construction 
interests. Hence, comes a special call 
and opportunity for young engineers to 
take up foreign service. 

Work in other lands, with their broad 
background of history and culture, is at- 
tractive to certain men and women, in 
part because of the novelty and the vari- 
ety and keenness of interest attached to 
it, and in part because of the broader op- 
portunities and greater monetary returns. 
Until within a relatively short time, Eng- 
land and Germany sent out more of its 
young and vigorous men to foreign coun- 
tries, but recently the United States, with 
its increasing participation in world af- 
fairs, is carrying out many operations 
and enterprises abroad. 


Preparation for Engineering Abroad 


How should we prepare these youy 
men for work abroad? It seems to me» 
should recognize, in the first place, thi 
mathematics and engineering and fh 
various formulae under which we eng. 
neers proceed practically are the sam 
the world over. Therefore, if one is 
practice engineering abroad, he shoul 
first of all be given the finest and highest 
type of engineering education available 

It is seldom that a young man at th 
beginning of, or during, his undergraduate 
college career plans definitely for service 
abroad. Usually, at that stage he is sim. 
ply training himself to do engineering 
work wherever it may be found. Ing 
opinion this is a distinct advantage. h 
other words, from an educational stané- 
point the best possible basic training 
for work abroad is a sound and thorough 
knowledge of reading, writing and mathe 
matics, plus a thorough groundwork in 
basic engineering principles. A good 
working knowledge of the English la 
guage and of the history of our county 
and at least a general understanding of 
the history of the world is also essential. 

If during high school or college this 
candidate for future foreign adventures 
fortunate enough to be stimulated into 
real study of an ancient language such % 
Latin, it will serve him in great stead 
when it comes his turn to learn the lar- 
guage of another land. This is borne out 
by my own experience when it became 
necessary for me to learn Portugues 
from scratch, as it were, at the age of 3. 
Without the foundation which comes t 
one through the study of an ancient lar- 
guage I would have been even more hand- 
icapped than I found myself to be. Ef 
the engineer going abroad knows the spe 
cifie country in which he is to work, its 
obvious he should have as much training 
in the particular language as is possible 
to get here at home. Certainly, at least 
a working knowledge of the gramua 
would be tremendously helpful. Amy 
modern language in addition to English 
whether it be Spanish, Portuguese, 
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or German, will be a great advantage, 
but it seems to me that Latin is essential. 

In our own company it was our prac- 
tice in Brazil to try to put the new and 
younger American engineers at work in 
the interior away from the large cities 
where there was little English spoken and 
where they had to speak the language in 
order to eat. In this way some of the 
more adaptable young men were able to 
gain a working knowledge of Portuguese 
in a comparatively short time. Once we 
outdid ourselves by sending a very prom- 
ising young engineer into the interior 
where he took up his abode with a very 
fine family of “fazendeiros” (plantation 
owners). There he met a charming senho- 
rita who could speak nary a word of Eng- 
lish and they were married before he 
could speak a word of Portuguese. 

When should the young engineer go 
abroad—immediately after leaving college 
or after some years of experience in some 
phase of his profession at home? My 
own experience indicates that a few years 
of practical work at home and a degree of 
xasoning is better. We are building so 
many plants and spending capital money 
insuch large magnitude and operating so 
many facilities in this country as com- 
pared to the volume of similar under- 
lakings in other countries, that a man 
tan gain experience here faster than he 
can anywhere outside of the United States. 
All of us know out of our own past that 
the Place to get experience is where the 
work is going on. Therefore, I recom- 
wend that the young engineer planning 
for work abroad serve his apprenticeship 
at home. 

Given a good practical, general and 
gineering education and a few years of 
‘perience at home, a workable under- 
sanding of history, a person should be 
tady for his adventure abroad provided, 
frst, that he is interested in going abroad; 
weond, and perhaps more important, that 

family is interested in going abroad 
and that he and they have a human out- 
lok and lack of prejudice which make 
them able and willing to work with peo- 
tle. It should be remembered that the 
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folks with whom they come in contact 
will not always appear to be the kind 
of people whom our candidate and his 
family may have met on Broadway or 
Main Street or with whom they may have 
gone to school and college. Experience 
will show that way down deep human 
nature is pretty much the same the world 
over, but environment and custom change 
the outward appearance and point of 
view of the individuals. Unless the can- 
didate’s family background and charac- 
ter and education make for a desire to 
understand and get along with people, 
then the family had better stay at home. 


Personal Adjustments are Important 


There are many fields of international 
service where physical comforts are at 
least the equivalent of those found in our 
own home town; on the other hand if one 
is to fulfill his destiny as a real adven- 
turer into foreign service, he must be pre- 
pared for some physical discomforts and 
must develop within himself the resource- 
fulness and contentment of mind and 
spirit to adjust himself to new and some- 
times less comfortable situations. 

Again at this point let us not overlook 
the fact that if this particular candidate 
for fame happens to be a married man 
with a family, they too must be prepared 
for an adjustment of this kind. I am 
sure than anyone engaged in engineering 
work outside of this country or supervis- 
ing their work in the foreign field will 
agree with me that while the characteris- 
ties of the man are important, the ability 
on the part of his wife to get along under 
new and strange conditions in a foreign 
land is even more important. 

While what I am about to say is ob- 
vious, I believe it is worth the emphasis 
which comes from repetition to say that 
all of us have seen good men in our own 
country held back by unfortunate family 
situations and mediocre men helped to 
succeed by the right kind of family rela- 
tionships. And, while this is true at 
home, it is vital abroad. 

Again, drawing on my own experience, 
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after several mistakes in the business of 
bringing men to foreign service without 
having a chance to give his wife and 
family an opportunity to know what they 


would be up against and without the . 


chance to meet the family in the United 
States before they went abroad, we made 
an absolute rule that no one could be em- 
ployed or taken from available candidates 
in the United States until some senior 
member of the company, with ample for- 
eign experience, had a chance to discuss 
the situation thoroughly with all members 
of the family. When you remember that 
it requires a substantial sum measured in 
the thousands of dollars to move a family 
from home to a location abroad and when 
you realize that one mistake costs great 
expense and delay, I am sure the need for 
this precaution will become apparent. 

I believe that we of the United States 
are not yet sufficiently conscious of the 
simple points which I have just made, and 
that a nationwide program should be de- 
veloped under which men and women with 
successful experience abroad could be 
available as counselors both to potential 
employers of younger people and to can- 
didates for service beyond our boundaries. 
I submit that this would be a most worth 
while function and, if done on a suffi- 
ciently broad scale and by people of out- 
standing ability, great benefit to all 
should be gained thereby. 

Let us now assume that we have our 
candidate well educated and well grounded 
in the first few years of his practical en- 
gineering experience. Let us further as- 
sume that an opportunity comes to him 
to go abroad. What will he need to do? 
And what will he be up against? 

Probably the first thing some well- 
intentioned adviser will tell him is, “When 
in Rome, do as the Romans do.” My own 
experience indicates that this is the kind 
of advice which comes from lack of un- 
derstanding and experience on the part 
of the adviser. When my opportunity 
came to go abroad, a wise old counselor 
said to me, in talking about the matter of 
behavior in another person’s land, urged 


me, above all, to read again Polonius’ ad- 
vice to Laertes, which you will remember 
is as follows: “to thine own self to true, 
and it must follow, as the night the day, 
thou canst not then be false to any man.” 
Then he added, above all just be yourself, 

We in the United States have developed 
a fine habit of life and a high level of 
business and engineering integrity which 
will command respect abroad if permitted 
to become evident in an intelligent man- 
ner. I certainly would advise any young 
man who is going beyond our borders to 
remember the best things of our civiliza- 
tion, take them with him simply and with 
humility, and not to try to dress himself 
up in a lot of strange and unfamiliar eus- 
toms and mannerisms which will be of no 
benefit to him and will merely tend to 
make his friends abroad think that he is 
a bit queer. 

Human nature is the same the world 
over. Respect for integrity, proper be 
havior, and decent humility is of value 
no matter where you may be. It is quite 
true that customs vary. In South Amer- 
ica, for instance, one cannot always pro- 
ceed with the briskness and determination 
to get quickly to the point as may be done 
here at home. Naturally, there are many 
other modifications to one’s normal way 
of life at home too numerous to give in 
detail here, but which quickly become ap- 
parent to the person of adaptability. 
Nevertheless, the fundamentals are the 
same, and I am certain that the best advice 
that can be given to a young man about 
to go abroad is just to be his natural, 
decent, American self. 


Learn the Language and Customs 


As I have mentioned before, it is my 
opinion that the next most important move 
is for the young man to begin a diligent 
and careful study of the language of the 
country in which he is to work. Every 
spare moment should be devoted to this 
job and he should make it apparent to his 
new associates that he is doing his level 
best to learn their language. They will 
not expect him to be proficient overnight, 
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but they will expect him to try his best to 
master their language. 

In my opinion the next in importance 
js for the individual to begin and carry 
through a careful study of the history and 
the fundamental laws and customs of the 
country in which he is to work. Also, he 
should make an earnest effort to learn and 
uderstand the geographic and climatic 
conditions and resources of the area. In- 
formation about all of the physical and 
philosophical characteristics are available 
in the literature and through conversations 
with people he will come to know. Every- 
one the world over likes to talk about the 
land of his birth and there is a veritable 
ocean of data of this kind ready for the 
person who evidences a proper interest. 
[am sure that in most cases this sort of 
study will bring out the good points—and 
every land has many of them—and will 
set up the danger signals. 

In all of this there are a few legitimate 
tricks which will be learned quickly by 
the discerning individual. For instance 
no one in the world likes to be called a 
‘native.’ There is a connotation to that 
word which is bad and the use of it should 
be avoided like the plague. Neither does 
the other person like to be told that his 
way of doing things is not good because 
‘it is different from the way we do it in 
the States.” He should try to find the 
good things which people are doing and 
emphasize them, at the same time rec- 
ognizing the weaknesses, and as he would 
do at home try his level best to offset them 
and overcome them. 

Unwarranted interest in the politics of 
the other fellow’s country will constitute 
a bad blunder. When we go abroad as 
guests of another land, it is not our fune- 
tion to tell them how to run their govern- 
ment. That is their business. To do 
otherwise is a violation of a principle 
which was enunciated by a famous en- 
gineer about the time I was starting my 
own career. His “principle” was simple, 
but I am sure you will all agree it was 
thoroughly sound. “Never delegate au- 
thority without an equal percentage of 
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responsibility, and never accept respon- 
sibility without corresponding authority.” 
If one interferes in politics of another 
land, he is attempting the exercise of au- 
thority without being confronted by the 
corresponding responsibility of citizen- 
ship. 


Difficulties Often Encountered 


Now as to physical operations: In most 
cases the engineer abroad is much more 
on his own than he would be in our great 
land which is full of railroads, telephones, 
highways, factories, and all the other 
facilities which make for speed and ease 
in the carrying on of engineering and con- 
struction work. For instance, if he for- 
gets to order a particular piece of ma- 
chinery essential to his plant’s operation, 
he can usually get it from the factory by 
airplane or otherwise in a matter of a few 
hours. On the other hand, most countries 
abroad are not so adequately equipped 
with transportation, communication, and 
manufacturing facilities and therefore 
engineering and construction require very 
careful planning ahead. Failure to do so 
may result in costly and unfortunate de- 
lays. He will also need to understand 
all of the possible delays which will result 
if he fails to familiarize himself with the 
rules and regulations in the customs 
house, in building codes, and in other 
similar restrictions. We are all con- 
fronted with corresponding regulations at 
home, but they raise much greater mental - 
barriers abroad if we fail to familiarize 
ourselves with them. 

Tf he is to carry on his work profitably, 
economically, and expeditiously, he will 
need to understand how to use the mate- 
rials and the personnel resident in the 
country of his adoption. This will require 
patience and the example of hard work. 
It is essential that the dignity of the hu- 
man being in whatever field from laborer 
to capitalist be kept constantly in his 
mind, and he must remember always that 
he is the stranger and not the people with 
whom he is working. 
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Engineers are Ambassadors of Good Will 


I am sure that all engineers and en- 
gineering executives whether in this coun- 
try or elsewhere, must think of themselves 
as practical teachers and educators. If 
we are to get the right kind of assistants 
to carry on any sort of enterprise, we 
must spend a good part of our time ed- 
ucating and stimulating the men and 
women who will work with us. To the 
engineer who is to work abroad, the de- 
velopment of this ability and characteris- 
tic is even more important than it is at 
home. He must make his new friends feel 
that he will do anything he can to bring 
to them the knowledge and _ experience 
which he has gained in this great United 
States of ours, in return for which they 
will help him to gain an understanding of 
the conditions under which they live and 
work and of their language. Happy will 
be the man working abroad who finds 
within himself the abilities and energies 
to do this very interesting and worthwhile 
educational job. It will be helpful to him 
and it will also be of great value to our 
country. While we have diplomats and 
specialists abroad who are charged with 
the responsibility of seeing to it that our 
point of view and way of life are properly 
presented; nevertheless, each one of these 
young engineers who go abroad ean be in- 
valuable as ambassadors of good will. 

How wonderful it is that an American 
going abroad has the right to earry with 
_ him the conviction that he springs from 
a country which in the comparatively few 
years of its existence has done more to 
develop the rights and freedom of the 
individual than any other nation in the 
history of the world. That he may carry 


with him the realization that his ow 
country has set a standard of development 
and technical performance which is . 
equaled. 

Naturally, those of us who stay at home 


- must do our utmost to preserve our ow 


way of life in his absence, but on the other 
hand he can be of great help by bringing 
to other countries, ideas which will grad. 
ually make it possible for them to ap. 
proach our high level of accomplishment, 
In this effort the engineers will play a 
prominent part, as they have in our om 
country’s development. Naturally, the 
engineer cannot be expected to do it alone 
—he must have the help of the medical 
profession, the legal profession, states. 
men, diplomats, businessmen, and in fact 
our entire citizenry. ; 

You, I am sure, have come to the con- 
clusion that the United States must as- 
sume its proper position of leadership 
and cannot forever exist as an oasis of 
prosperity in a desert of misfortune. It 
is my belief that we must work at this job 
in a practical manner and I repeat for 
emphasis that the engineer will have a 
great part in helping to win the game 
against the forces which are trying to 
take our position of leadership from us. 
We have demonstrated at home that our 
system will bring the greatest good to the 
greatest number. If we can help doa 
similar job abroad we are safe. 

Gentlemen, you who have so success- 
fully trained the present generation of 
engineers and who now have before you 
the great opportunity and the great re- 
sponsibility for training the men of the 
future upon whom we must rely for our 
success at home and abroad—lI salute you! 
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A New Approach to the Doctor’s Degree 
for Engineers * 


By D. H. PLETTA 


Chairman, Department of Applied Mechanics, Virginia Polytechnic Institute 


Individual members of this Society have 
for many years endeavored to change the 
engineering curriculum. Some of the 
suggestions made decided improvements, 
others were perhaps questionable; all 
were no doubt sincere. The clamor for 
change has increased recently, due in part 
to the desires of some to include more of 
the humanities, and of the realization of 
others that a broader foundation in basic 
science coupled with more training on a 
graduate level was an inescapable neces- 
sity. 

The approach suggested in this paper 
mcompasses both of these aims to a 
greater extent than do present curricula, 
but would necessitate considerable change 
in these before adoption could be effected 
Briefly the proposal is this: stop the 
patchwork bolstering of the curriculum 
and integrate the overall educational re- 
quirements for true professional stature, 
as the other professions have done. The 
plan would include a four year course in 
the humanities, basic engineering science, 
and personnel management, terminating 
with a B.S. Degree. This should be fol- 
lowed by two more years of specialization 
in one of the engineering branches on a 
high graduate level for those who have 
the ability, and culminate in a one year 
internship, a Doctor of Engineering De- 
gree and professional registration (see 
Fig. 1). 


Novel Features 


This proposal breaks with the past, for 
it reverses the trend toward specializa- 
tion too early in the engineering course, 


*Presented at the April 1950 meeting of 
the Southeastern Section, ASEE at V. P. I. 
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which has resulted in the fragmentation 
of our profession, certainly with ques- 
tionable effects. But before describing 
this 4-2 plan in more detail, it might be 
well to discuss the reasons prompting 
such a change. 

Doetoral candidates in engineering to- 
day complete the equivalent of nine aca- 
demie years of work for a Ph.D. as com- 
pared to seven for a Ph.D. in Arts. This 
extra work may be accounted for by com- 
paring the 225 quarter credits required 
for a B.S. in engineering with the 180 
quarter credits required for a B.S. in the 
arts, and by adding another year for lan- 
guage requirements which the engineer 
must make up, but which is included in 
the arts students B.S. curriculum. I see 
no way of reducing this total of nine 
equivalent years of work except by delet- 
ing some professional work or the lan- 
guage requirements. Neither is desirable 
but some reduction seems to be in order. 

The engineering profession has long 
known that graduates of its four year 
courses were not ready to practice on a 
full professional status upon graduation. 
Industries have sought to implement this 
deficiency by training courses and re- 
stricted internships of varying length. 
Colleges have likewise established addi- 
tional training on a graduate level, and 
have continually added to the eurriculum, 
channeling this course content into ever 
narrowing specialties. State licensing 
agencies in increasing numbers, are re- 
quiring a period of acceptable experience 
after college for full professional recogni- 
tion. Where has this haphazard growth 
led the profession? 
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We might begin by comparing our pro- 
fession with those of law and medicine. 
Table I lists certain significant deficiencies 
in engineering. Although engineering 


has been taught in the United States on a, 


collegiate level for 122 years, as compared 
with about 180 years for law and medicine, 
we have lagged behind these profes- 
sions in establishing licensing laws, con- 
ceiving an integrated professional train- 
ing program, founding a national profes- 
sional society, accrediting curricula and 
establishing a National Board of Exam- 
iners. The most glaring comparison is 
our reticence to become licensed; only 
42% of those now practicing are legally 
qualified compared with practically 100% 
in law and medicine. 

This reticence is, in no small way, due 
to early specialization with its attendant 
lack of esprit de corps. Although we did 
not fight each other, we certainly did not 
begin helping each other until recently. 
Only 15% of us are active in coordinating 
our common professional interests, and 
few indeed protested the labor bill in 


the last Congress which would have sub. 
jected us to CIO or AFofL unionization, 
Engineers have rendered truly astounding 
technical service to the public, but if yo 
believe we have achieved comparable ree. 
ognition with the other professions in 
the mind of the public, you should read 
“Public Relations Interpreted as Good 
Engineering” by Harry W. Lundin in the 
February, 1949 American Engineer. The 
public thinks we drive trains, and rate 
our profession a poor tenth when con. 
paring the contribution that groups like 
doctors, lawyers, farmers, government 
employees, ete., have made to our stani- 
ard of living. 

The engineers’ specialization has like. 
wise served as a psychological block, pre- 
venting his freedom of movement from 
one technical field to another because he 
was unaware of his abilities, meager as 
they were in some engineering fields. For 
instance, many civil engineers did heroic 
service during the last war as structural 
engineers in the aircraft industry. But 
their transition was painful until they 
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TABLE I 
Medicine Dentistry Law Engineering 

Fist Licensing Law 1760 1841 1890 1907 
| Baty | | Rensselaer) 
9-4 Plan Approved by Prof. Society 1918 1937 1921 ? 
Founding of Prof. Society ( ( 
National Board of Examiners 1892 1883 1931 1920 
Prof. Society Accrediting of Curriculum 1907 1909 1921 1936 
Licensed Individuals 165,000 77,000 180,000 150,000 
Practicing Individuals 165,000 77,000 180,000 350,000 
Membership in Professional Societies* 138,000 71,000 42,000 22,000 


* Membership restricted to legally qualified individuals. 

Data in the Table I represent the best available information. Individual entries give statis- 
tical data for the 1940-50 decade, but do not necessarily coincide for any one year. The entries 
should, therefore, be regarded as being only approximate. 


realized the basis of mechanics funda- 
mental to such design in any engineering 
field. 

I am not one who believes that engi- 
neers could, or should, run this so-called 
divilization. Our first duty is to train tech- 
nically competent engineers, but early spe- 
tialization tends to obscure our overall 
technical responsibility of safeguarding 
public safety and health. Our machines 
freed man of slave labor but maimed some 
because safety measures were installed 
too late. We prolonged man’s life by 
refrigerating his food and purifying his 
drinking water, but our industries then 
polluted the air he breathes and the 
streams in which he swims. We “de- 
skilled” workers and wondered why they 
no longer took pride in workmanship. 
We improved our productive efficiency 
and were accused of the “speed-up.” 


Undergraduate Program 


The foregoing thoughts may explain in 
part the somewhat unorthodox program 


proposed in what follows. First, in order 
to correct our tendency toward over spe- 
cialization in the first few years of pro- 
fessional education, I believe these should 
be generalized technically so as to give 
all engineers the broad working base in 
the several branches of engineering which 
industry seems to favor. This curriculum 
is outlined in Table II. Note that mathe- 
matics has been increased beyond ecaleulus 
to include ordinary and partial differen- 
tial equations, advanced calculus, vector 
analysis and perhaps an introduction to 
tensors. This added training would fa- 
cilitate and streamline the teaching of ad- 
vanced technical and graduate subjects. 
With this background, a four year grad- 
uate would then again to able to digest 
the more advanced papers now published 
in his own field. Few four year grad- 
uates today are able to read highly mathe- 
matical papers currently included in the 
ASCE, AIAS, and ASME Transactions. 
Similar training in all basic engineering 
science would likewise increase one’s pro- 
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TABLE II 
Basic Four YEAR ENGINEERING CURRICULUM 
Quarter i 
I—Cultural Subjects 
A—English (Composition, Rhetoric, Public Speaking, Technical 
Writing, Literature) 18 
B—Humanities (History, Philosophy, Psychology, Economics, Law) 21 39 
Ii—Sciences 
A—Physical Science (Chemistry, Physics, Geology, Mats. of Engr., 
Metallurgy) 32 
B—Mathematies (Algebra, Trigonometry, Anal. Geom., Calculus, 
Differential Equations, Advanced Calculus) 40 72 
I1J—Engineering 
A—Sub Professional (Drawing, Desc. Geometry, Surveying) 12 
B—Professional 
a—Mecahnics; Strength; Fluid Mechanics; Structural Analysis 22 
b—Design of Structures and Machines 15 
c—Electricity—AC, DC and Electronics 15 
d—Heat Transfer—Thermo., etc. 15 
e—Production, Personnel Management, etc. 15 
f—Electives 15 109 
220 
GrapvuaTE (C.E.—Example) 
IV—Fifth Year 
A—Transportation (Highway, Railway, Water, Airports, Pipeline) 9 
B—Sanitary (Water Supply; Sewage Disposal; Bacteriology; Hy- 
drology; Water Analysis, Microscopy) 12 
C—Surveying and Mapping (Topographic; Route; Photogramme- 
try; Geodesy; Law) 9 
D—Construction (Estimating; Soil Mechanics; Cost Accounting; 
Specifications) 12 
E—Design (Indeterminate Structures; Design; Water Power) 12 54 
V—Sixth Year—Design Option 
A—Flasticity and Plasticity 12 
B—Vibrations 9 
C—Fluid Mechanics 9 
D—Tensor Analysis 
E—Electives 10 45 


ficiency in these specialties. Civil Engi- 
neers, for instance, are using electronics 
for triangulation in surveying and depth 
gaging of harbors. Electronic devices are 
fast becoming controlling factors on pro- 
duction lines. An understanding of elee- 
tronics is essential to all—not proficiency 
for tube or cireuit design, but plain con- 
versant knowledge. 

Design could likewise be taught on 
a completely revised basis by emphasizing 


the basis of mechanies and using illustre 
tions from all fields in the simple design 
of machines, buildings, planes, vehicles, 
ete. Heat transfer could cover the ther- 
modynamies, not only of perfect gases 
and vapors, but also of liquids ané 
briefly of solids. 

Since engineers must assume technical 
and administrative leadership in industry, 
it seems absolutely essential to include 
some training in this field too. ’Tis often 
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sid, “leaders are born—not made.” It 
helps to be born gifted, but the principles 
of leadership are well known and can be 
taught. They have in fact been taught 
at our own Military and Naval Acade- 
mies for years. Why not at civilian 
schools too? 

Suecessful completion of such a course 
would leave an individual well qualified 
to pass preliminary examinations for the 
professional engineer’s license, and to im- 
prove by individual study in any technical 
field of his own choosing—if he had the 
determination. He would be well trained 
for future administrative work. Subse- 
quent academic work should, I feel, be 
split into one of two categories here but 
admission should be restricted. The man 
interested mainly in research could then 
pursue and earn a Ph.D. Degree as he 
does now (Fig. 1). For the practicing 
engineer, and most engineers practice and 
vldom engage in real research, I believe 
the alternate plan outlined below would 
be more suitable. 


Graduate Program 


Supplementary specialized instruction 
should follow the four year program in 
another two years of study. The first of 
these would allow coverage of the several 
felds of a particular branch of engineer- 
ing. One electing civil engineering for 
instanee, would study the broad fields of 
sanitation, surveying and mapping, trans- 
portation, construction and structural de- 
sign. The sixth year would then be de- 
voted to a further specialization of one 
of these, such as structures, and include 
dasticity, plasticity, vibrations, fluid me- 
thanies, and highly indeterminate struc- 
tures, 

Suecessful completion of these addi- 
tional two years of professional training 
would entitle the individual—not to the 
leeessity of pursuing a thesis in some 
tarrow field—but to a broad internship. 
He would visit large industrial and gov- 
tmmental research laboratories for per- 
haps several months, and gain a better in- 
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sight into overall research programs and 
techniques than by conducting his own 
thesis. He would also be apprenticed to 
production managers and corporation 
presidents as their special assistants for 
short periods of time to see how the “top 
brass” operates. He would spend some 
time on construction jobs, on production 
lines and in design rooms. 

This period should be labeled an intern- 
ship for this word has been already ac- . 
cepted by the public as connoting com- 
pletion of an academic professional course 
of study, and initiation of professional 
practice under legally qualified practi- 
tioners. 

A treatise on this internship marking 
the seventh year, embodying consideration 
of technical and human problems should 
entitle a man to the Doctor of Engineering 
Degree. I do not feel that titles like C.E., 
ete., suffice in the public mind, for our 
own colleges have been too prone to vary 
the standards in the past for this degree. 
Some schools had, and still do have, very 
rigorous standards { for a Professional 
Degree, but none require a seventh year 
of internship to my knowledge. Further- 
more, the public now considers a doctor- 
ate title synonymous with true profes- 
sional stature. 

These seven years of training would 
then allow a candidate to obtain his pro- 
fessional license without difficulty, and 
examining boards could waive the usual 
four year in-training periods. Industry 
might still not trust the judgment of 
these inexperienced products with top 
positions of responsibility, but the public 
at least might think of them as profes- 
sional individuals. 

The suggested program with its four 
year course, two years of graduate work, 
a year’s internship, a Doctor of Engi- 
neering Degree and Professional License 
might encourage the public to grant en- 
gineering its merited professional stature. 


t+ Stanford and M.I.T. have six year 
courses. 


An Interpretation of the Manifesto* 


By C. J. FREUND 


Dean of Engineering, University of Detroit 


The cooperative system of engineering 
education has grown up; has even at- 
tained middle age. The cooperative col- 
leges of engineering have adopted a state- 
ment of policy, and that proves the ma- 
turity of the system. 

A manufacturing corporation, a uni- 
versity, a club, even a new government, 
almost any type of enterprise, seems to 
develop according to a familiar pattern. 
In the early years the enterprise dis- 
plays great vitality. The operators are 
eager and exuberant, although they make 
mistakes and are less efficient than they 
might be. In time the first enthusiasm 
wears off a little, and the operators be- 
gin to suspect that they had better mingle 
wisdom and thought with hard work and 
optimism. Problems arise which they did 
not notice at the start, or which did not 
exist. The operators seek formulas to 
assure permanence and stability. 

After some trying years of experience 
and experiment, they construct basic rules 
to guide them when they encounter such 
complex difficulties that simple and ob- 
vious solutions are impossible. By the 
time the operators have drawn up these 
basic rules—we call them policies—and 
especially after they have published them, 
the public is quite certain to recognize 
that their enterprise is firmly established. 

The cooperative colleges have published 
their policy, and consequently the coop- 
erative system is a firmly established in- 
stitution. The statement of policy is 
called “The Cooperative System—a Mani- 
festo.”. The Cooperative Engineering 


* Presented before the Cooperative Engi- 
neering Division of the ASEE at the An- 
nual Meeting, University of Washington, 
June 19-23, 1950. 


Education Division of the Society adopted 
the policy in its meeting at St. Lonis 
in 1946, and it was published in the 
JOURNAL OF ENGINEERING Epucation for 
October of that year. 

It is this Manifesto which we shall 
consider for a few moments. 


The Selection Process 


We hardly need to go over all of the 
Manifesto : besides, there isn’t time enough. 
We had best confine ourselves to a few 
topics in the Manifesto which pertain 
especially to what is going on at the m- 
ment in engineering employment and in 
engineering education. And we might as 
well begin by looking at the cooperative 
plan from the viewpoint of the man 
who hires the boys who graduate from 
our colleges. 

Every employer is concerned, of course, 
about working capital, sales, an efficient 
plant, good will and the like. But every 
intelligent employer knows very well that 
he ean survive in competition only if his 
men are more competent than the average 
of his competitors’ men. Hence it is that 
recruiting officials who visit the colleges 
are always looking for graduates of supe 
rior talent and personality. 

How does the recruiting official usually 
select the graduates? All of us know the 
procedure. The student may write 4 
letter of application. He may fill outa 
form with detailed information about his 
education, career and background. He 
may complete an aptitude or psychologi- 
eal test. He may have a fifteen minule 
interview with the recruiter, during whic 
he ean hardly be quite himself. And the 
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recruiter may inquire about him of the 
professors or of the college placement 
oficer. Occasionally he may spend a day 
or two inspecting the prospective em- 
ployer’s plant or visiting in his home of- 
fee. This way of doing it is as effective 
as circumstances permit, in most cases, 
and reflects high credit upon the judg- 
ment and the resourcefulness of the re- 
quiting officials. But the method is com- 
paratively superficial, and it couldn’t be 
otherwise on account of its inherent 
limitations. 

As explained in the Manifesto, the em- 
ployer of cooperative students does not 
have to depend upon letters of applica- 
tion, ten minute interviews and aptitude 
tests when he hires graduates. He chooses 
them after a trial period of employment 
in his plant, and he is quite likely to pick 
the right men. He has had the oppor- 
tunity to observe their practical intelli- 
gence at work, which is something quite 
different from schoolroom proficiency. He 
can find out if they maintain their in- 
terest in his employees and his plant 
after the first novelty has disappeared. 
He can discover how they get along with 
engineers, superintendents, foremen, and 
workmen, including those with cantan- 
kerous dispositions. 


Experience and Practice 


Now I suggest that we fix our minds 
upon that most pleasing phenomenon, 
the superior student. We all know the 
type. He is a joy to his faculty, a leader 
among his fellows and a challenge to the 
recruiters who come around. Let us as- 
sume that this superior student gets a 
dass assignment to design a fan and a 
motor to ventilate and remove moisture 
from an underground storage space. Af- 
ter some weeks the boy turns in the de- 
sign. The professor checks the amount 
of air and water the fan can handle, the 
blade contours, the selection of bearings, 
the brackets and their capacities, the 
material specifications and much besides. 
He finds that all are quite correct and 
the boy gets a grade of A. 


This class design is good enough, as far 
as it goes; it is acceptable within itself, 
so to speak. But nobody investigates 
whether it meets a number of external re- 
quirements, and nobody can, in a college 
of engineering. 

The practicing or employed engineer 
has to worry about matters which the stu- 
dent, or even the professor, may never 
think about. Will the fan be noisy? 
Will it vibrate badly? The engineer may 
not find out until the first one is built. 
He has to specify materials which are 
readily available, and he had better know 
that they will continue to be. He will 
have a hard time defending forged blades 
in a plant equipped principally with 
presses. The pattern and foundry super- 


‘intendents may go into an uproar about 


the cost of making up the brackets. The 
engineer must try to introduce parts into 
his design which are in production al- 
ready for other purposes and regularly 
kept in stock. And most important of 
all, he must design something which the 
customer wants, and for which he is will- 
ing to pay enough to cover all direct and 
indirect costs, and a reasonable profit. 

It is practically impossible to include 
any of these considerations in a college 
design course; there are some things one 
just has to learn by experience. And this 
is only one very ordinary example of the 
countless practical requirements and limi- 
tations which have to be recognized in 
every branch of engineering practice. 

Cooperative employment is one way, 
and an excellent one, for students to ac- 
quire the practieal outlook. After some 
months of employment in a machinery 
building shop, the cooperative student 
instinetively knows that good design re- 
quires much more than functional per- 
formance and simple specification of ma- 
terials. Of course, cooperative employ- 
ment is not the only means to this end. 
Students in continuous, conventional col- 
leges of engineering may gain practical 
experience during summer vacations, or 
after they graduate, but most of them 
don’t. It is never easy to find just the 
right kind of summer job, and parents, 
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doting aunts and uncles, and girl friends 
frown upon manual work after gradua- 
tion; and so do the boys. 


The Problem of Assimilation 


Engineering graduates encounter jeal- 
ousy and pride of status when they 
“break into” shop or office. It is hardly 
to be expected that the practical vet- 
eran and the technically trained upstart 
will get along together. The veteran 
fears that the upstart will overreach him 
by superior education; the young engi- 
neer fears that the veteran will thwart 
him as a highfalutin outsider. 

The cooperative system is a natural 
solution of the problem. The old timer 
really does not resent the young engi- 
neer’s getting to the top of the ladder, 
provided he climbs in regular succession 
from each rung to the next. What the 
old timer does resent is any attempt by 
the engineer to outsmart his less fortunate 
fellows who have to depend on steady 
labor to reach the top. 

The cooperative student has been a 
workman in the plant. His fellow em- 
ployees have seen him operate machine 
tools or presses, repair hoists, rebuild 
open hearth furnaces or engage in com- 
mon labor. If his speech and deport- 
ment are judicious they may not even 
know that he is a student. If he is later 
promoted to an engineering or super- 
visory job, they are likely to concede that 
he has earned the promotion by a proper 
apprenticeship. Indeed, they may even 
be proud of him as one of their own who 
has made his mark. 


Science and Engineering 


It is easy for the cooperative student to 
understand the difference between the 
engineer and the scientist. 

The scientist became the civilian hero 
of the war, and has remained a popular 
American hero ever since. Scientifie re- 
search won the war, we are told. But 
engineers had a large hand in the busi- 
ness. In fact, the scientist without the 
engineer is helpless to create machines 
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and structures. However, the writen 
lecturers and commentators have spun » 
much glamor about the scientists tha 
many engineers wish they were scientists 
and some of them rather imagine thy 
they are at least semi-scientists. 

This, of course, is a mistake. The fune 
tions of the two are altogether different, 
The scientist explores for new inform 
tion or knowledge; the engineer applig 
the new information or knowledge to im- 
prove the standard of living in the com. 
munity. The scientist experiments ip 
heat, dynamics and metallurgy, and de 
posits the reports of his findings in the 
libraries of the world. The engineer 
reads the reports and makes use of the 
information to design and construct a 
more efficient Diesel or jet engine. The 
scientist is essentially a thinker and a 
scholar; the engineer is essentially a 
maker, an operator and an administrator. 
The scientist and the engineer are quite 
distinet, although in the every day work 
ing world it is not always easy to knoy 
which is which. 

But the engineering student has to 
learn which is which. If he is afterwards 
to perform his proper function, he cer- 
tainly must know just what that fune 
tion is. 

The cooperative student in shop or er- 
gineering department learns to appreciate 
the engineering operations which result 
in the brightly painted rotary pumps, 
switchboards, machine tools or excavators 
waiting in their crates on the shipping 
platform of his plant. And he naturally 
concludes that altogether different opera- 
tions result in documented research re- 
ports on the library shelf. It does not 
take the cooperative graduate half a life 
time to understand his place in the scheme 
of things. 


Conclusion 
Let me repeat that this has not been 


intended by any means as a review of the 
whole Manifesto. It has been intended 


merely to suggest how the Manifesto 
bears upon two matters which have cap- 
tured the attention of engineering el- 
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ployers and educators: the assimilation 
of young engineers to their first employ- 
ment, and the accelerating ascendency of 
science. 

In conclusion, perhaps we should re- 
mind ourselves that the cooperative 
method of engineering education has no 
wique, major objectives of its own. The 
quxiliary objectives, and obviously the 
procedures of the method, differ from 
those of the conventional, continuous col- 
leges, but the basic aims are the same. 
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The American Society for Engineering 
Edueation has adopted scientific-techno- 
logical and humanistie-social aims for 
engineering education. We all know 
them very well. They were published in 
the JouRNAL OF ENGINEERING Epuca- 
tion for March, 1940.2. To quote from 
the Manifesto, “The cooperative colleges 
of engineering accept these aims, and de- 
clare them to be their own.” * 


2 XXX, 563-64. 
3 Op. cit., 119. 


Candid Comments 


My attention has recently been called 
fo an error in the article “Visualization 
of Fundamental Principles in Elasticity 
Using Rubber Models” in the May issue 
of THE JOURNAL OF ENGINEERING EDU- 
cation. A correction would make this 
report of considerably more value to 
others. 

The rubber compound used in making a 
model is said to consist of natural rub- 
ber, 28.5%; fillers, 57.3%; vuleanizer, 
§6%; sulfur, 3.1%; oils, 3.5%. Con- 


verted to 100 parts of rubber, the basis 
wed by rubber chemists, this becomes 
mbber, 100; fillers, 201; vuleanizer, 30.1; 
wlfir, 10.8; oil, 12.3. 


If the term vuleanizer is used to mean 
accelerator and the amount shown is 
correct, the compound is impractical. 
These materials are seldom used in excess 
of 1 to 2 parts and never in amounts as 
high as 30 parts. The amount of sulfur 
used is excessive and will result in poor 
physical properties in the vuleanized 
compound. The amounts of oil and fillers 
are also unnecessarily high. 


Yours very truly, 


F. 
Manager, Compounding Research, 
Pittsburgh Plate Glass Company 
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Results of Questionnaire Regarding Graduate 
Degrees in Chemical. Engineering 


By THOMAS E, CORRIGAN 


Assistant Professor of Chemical Engineering, West Virginia University 


In a recent survey of several graduate 
schools in Chemical Engineering, a ques- 
tionnaire was sent out to ascertain ecur- 
rent policies in the granting of the 
Master’s and Ph.D. degrees in Chemical 
Engineering. This is a brief summary 
of the results of the survey. 

Of the schools reporting, nine require 
a qualifying examination for candidates 
for the M.S.Ch.E. degree, and fourteen 
departments have none. The subjects 
covered in those schools requiring quali- 
fying examinations are varied. In the 
majority of cases the examinations cover 
undergraduate and graduate chemical 
engineering courses and, in addition, the 
student’s minor subject (where a minor 
is required). Some of the specific sub- 
jects covered are: Unit Operations, In- 
dustrial Chemical Calculations, Stoichio- 
metry, Applications of Physical and 
Organic Chemistry to Chemical Engi- 
neering and Chemical Technology. The 
time allowed for the examination varies 
from four to twelve hours. Of the nine 
schools reporting use of the qualifying 
examination, six use a written examina- 
tion and two have an oral one. In one 
department, both a written and an oral 
examination are given. 

The policies seem to be fairly uniform 
in the requirement for a Master’s thesis. 
Seventeen of the schools reporting re- 
quire a thesis and in three others a thesis 
is optional but highly recommended. In 
three additional institutions none is re- 
quired. 

In the schools where both Master’s and 
Ph.D. degrees are given, four require 
that the candidate obtain a Master’s de- 
gree as a prerequisite to the doctorate. 
In four other departments this procedure 
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Labot 
bet 


though not required is highly rego! 
mended. In fifteen colleges the Mii 
degree is not required as a prerequisitl 
Thus, there is some difference in pros 
dure in this requirement. 

The departments are fairly evenly { 
vided in the matter of splitting the se 
dent’s program into major and mim , 
subjects at the Master’s degree level. Agmtce- 
nine schools the student must so divikg!™* the st 
his course work. In two others, tig the oF 
method is recommended but not requing@™"S © 
Twelve departments do not require t& Birength ° 
division into major and minor fields. F ™ whi 

For the Ph.D., however, sixteen schotk pentals. 
divide the student’s courses into 
and minor fields, and three do not. 0 og oh 
this sixteen, five require two minor 
Four of the schools replying to the que od oa 
tionnaire do not grant doctorates 
Chemical Engineering. 

Only one institution allows compli)... 14 
freedom of choice to the student in ®By. “Not 
lecting his course. Twenty-one of t pplicatic 
schools have a program in which somei@in) they | 
the courses are required and some are lin. Thi, 
to the choice of the student under fi¢Bnovided 
ulty supervision. In one institution Mfg eye to 
choice of the student’s courses is made Wjfiust the te 
the staff. . eas 

In conelusion, it should be noted thitfvee trea 
the sampling of the schools was smél§mtical ri 
because only 55% of the questionnaité§n the “A 
sent out were returned. However, t#fustructor 
replies represent a cross-section growgitow” ma 
both from the points of view of size @fjmore fait 
the institution and section of the cour§uderlyin; 
try. It is hoped that this summary wigiudent le 
be useful as a step toward greater uig%m that 
formity of standards in graduate schooh§* mental 
in chemical engineering. ment of | 
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Laboratory Demonstration Experiment—A Link 
between “Fundamentals” and “Applications” 


ity By D. ROSENTHAL and H. BAER 


hly recon} 
the Mg 
rere quisitt 


e in prog | Introduction: One of the avowed 


wrposes of Engineering Education ap- 
evenly gg” to be the teaching of the funda- 
ng the stp mental physical and chemical principles 
and miyg™ laws as they apply to the engineering 
level, ygemtice. In accordance with this pur- 
| so divggmse the student is first exposed (usually 
thers, thg? the sophomore and junior years) to 
rt required jous courses, such as Mechanics, 
require th Sirength of Materials, Thermodynamics, 


r fields, 9 in which the emphasis is on Funda- 
een schomputitals. To be sure the Fundamentals 
into slanted toward engineering applica- 
o not, (gis but the latter are generally treated 


F ws illustrations of methods of solution 
inor mither than as an aim in itself. The true 
pplications come later. They are the 
abject of separate courses (usually in 
: comp le senior year) known as: Structural 
ent inl Design, Machine Design, Unit Operation, 
tle. Not only are the Fundamentals and 

ne of th Applications taught separately, but as a 
ch some dno they are taught by different instrue- 
ne are Idling This in itself is not a bad practice 
under fitEnovided the two groups of instructors 
tution thefee eye to eye and work as a team. In the 
is made Wrst the teamwork left much to be desired. 
- athe cases in which the “Fundamentals” 
noted thitfivere treated with the necessary mathe- 
was siiélinatical rigor they were entirely ignored 
stionnaité§in the “Applications,” partly because the 
vever, th§nstructor in charge scorned at the “high- 
ion grow mathematics, partly because he had 
of size dfmore faith in his experience than in the 
the cour§uderlying principles. As a result the 
mary wilgwudent left the school under the impres- 
eater uikgion that the “Fundamentals” were just 
te schoosg' Mental drill necessary for the attain- 
ment of the degree, but with no relation 


the 
torates 


Department of Engineering, University of California, Los Angeles 


to the practice of the engineering pro- 
fession. Under the impact of modern sci- 
ence this attitude no longer exists either 
with the instructor in charge of “Applica- 
tions” or the student, but the necessary 
link between the “Fundamentals” and 
“Applications” is often missing in the 
instruction. A point in case is the rela- 
tion between “Strength of Materials” and 
“Machine Design.” It has been the au- 
thors’ experience both as instructors and 
students that in the mind of the student 
only a tenuous link exists between these 
two subjects. To be sure the student 
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LABORATORY DEMONSTRATION EXPERIMENT 


knows that the design of some of the 
machine parts is based on formulas of 
“Strength of Materials,” but he is usually 
unaware of their limitations, and he is 
generally incapable to apply the methods 
which lead to these formulas. As a result, 
he is at a loss to explain the discrepancies 
between theory and experiment or assess 
the limits of the experimental error, when 
faced with the results of actual measure- 
ments. It is the authors’ opinion that the 
cause of this deficiency lies in the lack of 
a proper transition between the “Funda- 
mentals” (as taught in the sophomore and 
junior courses) and the “Applications” 
(as given later in the laboratory and 
senior courses). To correct this short- 
coming an attempt has been made to pro- 
vide the necessary transition by means of 
a scheme described below. 


2. The Laboratory-Demonstration ky 
periment; The scheme consists of haviy 
the student solve a problem at varios 
stages of idealization: from its theoretial 
inception to its industrial realization. 

In the first stage the problem is in tk 
nature of a computation. It is mer} 
an application of principles and laws a 
pounded in a theoretical course. In th 
second stage the analytical solution is 
tained experimentally on a model repr 
ducing all theoretical assumptions 8 
closely as possible. In the third and fn 
stage the experiment is carried out ona 
existing industrial system or machinery. 
This last step no longer forms a part d 
the “Fundamentals.” It appears in a late 
year as a part of Applications,” and th 
experiment is performed not as a chet 
of the theory, but as an inspection or ta 
of the system or machinery. 

The first and third stages of the scheme 
are not new. They have been improv 
continually. Thus, in the first stage clas 
room demonstrations, sometimes of t 
markable simplicity,! and devices for 
ualization of great ingenuity * * have bee 


1R. 8. Hartenberg, J. of EZ. E., Vol. 40,} 
430. 

2A. J. Durelli, C. H. Taso and Bo 
Jacobson, Ibid., p. 525. 

8A. D. Moore, Journal of Applied Physitt 
Vol. 20, p. 790. 
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amployed. The third stage was sometimes 
developed into highly complex and organ- 
ied systems, e.g., in some power plant ex- 
periments. But neither stage is believed 
eaccomplish the aims of the second stage 
fo which more specifically the name of 
‘laboratory-Demonstration Experiment” 
las been given. These aims are of a three- 
fold nature : 


1. From the experimental solution the 


tudent gets the real feeling of the quanti- 


*M. J. Zucrow, J. of E. E., Vol. 38 p. 482. 


ties and methods involved in an otherwise 
abstract mathematical solution. 

2. By comparing the computed and 
measured values on the basis of the ex- 
perimental error he can assess for himself 
the validity of the principles and laws 
involved in the theory. 

3. When dealing with an actual system 
or machinery he is in the position to ac- 
count properly for the discrepancies re- 
sulting from the idealization of real eon- 
ditions. 

An example of the scheme just described 


/0 
32 
| 
+L 
A 
s| Section A-A. 
B 
i~ 
\ 
' 
i 
/ 0 
D : 
| 
i 


174 


LABORATORY DEMONSTRATION EXPERIMENT 


¢) Analy 


Fig. 5. 


is given below. This example has been 
in use for about two years. It is still 
somewhat premature to speak of the re- 
sults. That much appears certain: in 
order to serve its purpose the Demonstra- 
tion-Laboratory Experiment must be con- 
ceived in such a way that it can be op- 
erated by the student at any time and 
without supervision. That is, the student 
must be given time and opportunity to 
make mistakes and to correct them him- 
self, much the same as in his homework. 

If it is agreed that the ability to idealize 
the real conditions forms a part of the 
engineering thinking, and the ability to 
account for the observed discrepancies a 
part of the engineering judgment, then 
the proposed scheme accomplishes its 
purpose. 


3. Example: Stress Analysis of a Punch 
Press Frame. 


First stage. Problem of strength of 
materials : 


“Computation of Stresses Produced in 
the Frame Sketched, Figure 1.” 


Educational purpose: Application of 
the following principles and theories: 


a) Equilibrium of forces and moments 
Free body diagram. Method of section. 

b) Principle of virtual work (or equir- 
alent). 

c) Beam theory (curved and straight 
beam). 

d) Principle of elastic stability (colum 
buckling). 


Second Stage. Testing of an idealized 
system : 


“Experimental Determination of Stree 
ses Produced in the Frame, Figures 2 
and 3.” 

Educational purpose: Verification of: 


a) Hooke’s Law. Establishment of lit- 
ear relation between applied load and 
measured strain. 

b) Bernouilli’s Law. Establishment of 
linear and hyperbolic strain distribution 
in the straight and curved parts of the 
beam. 
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¢) Analytical solution. Determination 


{the influence of sharp and mild corners. 

a) Validity of the theory on the basis 
{the experimental error. Confidence in 
ie experimental stress analysis. 


Third Stage. 
dhinery : 

‘Determination of Safe Operating 
loads in the Punch Press, Figures 4 and 


52 


Testing of actual ma- 


‘Educational purpose: 


s) Idealization of the behavior of the 
pmch press frame for the purpose of a 
theoretical analysis. 
>) Explanation of discrepancies be- 
tren observed and computed values on 
the basis of 


Eleven national technical societies and 
we from Canada have already taken 
fvmal action to participate in the inter- 
utional convocation which will cele- 
tate one hundred years of engineering 
san organized profession in the United 
Sates. This convocation, organized un- 
i Centennial of Engineering, 1952, 
designed to “Provide an opportunity 
fr all engineers to gather to exchange 
as and information of value to one 
uother with no one group taking a place 
it special prominence.” 
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1) assumed idealizations, . 

2) assumed mechanical characteristics. 

c) Use of Goodman-Johnson (or equiv- 
alent) fatigue diagram for the determina- 
tion of safe operating loads with and with- 
out the tie rods. 

d) Significance of stress raisers at 
sharp corners from the point of view of 
design. 

e) Improvement of efficiency by: 

1) residual stress (prestressing of tie 
rods), 

2) modification of design (rounding of 
sharp corners), 

3) substitution of a welded for cast 
frame. 


f) Consideration of rigidity (influence 


of the deformation of the frame on the 
tolerances of the punching operation). 


In the News 


At a meeting, on October 12, 1950, the 
ineorporators of Centennial of Engineer- 
ing authorized President Lenox R. Lohr 
to extend invitations to an additional 
sixty technical societies in this country, 
and to appropriate societies of interna- 
tional scope, or of national scope in other 
countries. The international societies 
will be invited to hold their annual meet- 
ings in Chicago during the Centennial 
Convocation from September 3 to 13, 
1952. 
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Some Current Practices in Teaching Advanced 
Composition for Engineers 


By MAURICE L. RIDER 


State Teachers College, Indiana, Pennsylvania 


A limited survey recently completed 
at The Ohio State University reveals a 
variety of facts about current practices 
in teaching English composition for ad- 
vanced students in engineering. The sur- 
vey was made by sending questionnaires 
to thirty-five leading technical schools 
and colleges of engineering throughout 
the United States. Of those institutions 
responding to the questionnaire, twenty- 
one offered courses in advanced composi- 
tion for engineers. The facts reported by 
those twenty-one institutions are here sum- 
marized for what significance they may 
have for teachers of advanced composi- 
tion in other technical schools and colleges 
of engineering. ' 

The administrative requirements re- 
ported for advanced-composition courses 
show considerable variation. Quarter 
hours of credit offered range from two 
to six, with a minimum of one hour of 
recitation each week for eighteen weeks to 


1 The survey appears as part of the au- 
thor’s dissertation, ‘‘Advanced Composi- 
tion for Students in Engineering at The 
Ohio State University: Evaluation and Pro- 
posals,’’? Columbus, 1950. 

2 These schools were Brooklyn Polytechnic, 
University of Colorado, Georgia Institute of 
Technology, Illinois Institute of Technology, 
University of Illinois, Massachusetts In- 
stitute of Technology, University of Min- 
nesota, Missouri School of Mines, New York 
University, University of North Carolina 
(Raleigh), Oklahoma A. and M., Pennsyl- 
vania State College, Princeton, Purdue, 
Rensselaer Polytechnic, Stanford, Texas 


A. and M., University of Texas, U. 8. Naval 
Academy, Virginia Polytechnic, and Uni- 
versity of Washington. 
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each week for twenty weeks. One cout 
devotes no time to student-teacher ep. 
ferences, but others allow from one-half 
hour to three hours of conference tine 
per quarter for each student. Median 
computed from the data submitted shoy 
the following characteristics for a typial 
course: quarter hours of credit, 3; clock 
hours of recitation, 43; duration of th 
course in weeks, 16; and average amout fi 
of conference time devoted to each student, 
2 hours. 

Responses to the questionnaire revealed 
a total of eleven different objectives fr 
the twenty-one courses. The followig 
recapitulation indicates the number @ 


persona 
applyi 
iford the 
tehnical 
nblication 


courses for which each of the objective 
was listed: (a) to develop proficiency i 
the correct use of the fundamentals of 
English (grammar, spelling, punctuation, § Tyres or 
ete.), 17 courses; (b) to impart skill ing % Cours 
writing technical reports, 14; (¢) to tead| 
the correct forms of engineering reports, 
13; (d) to foster effective writing, 1); 
(e) to develop skill in writing busines 
letters, 7; (f) to perfect the student’ Applic 
ability to organize data, 5; (g) to teah® gales ] 
library research techniques which «§ Letter 
minate in effective reports, 4; (h) #§ Respo: 
foster the writing of articles acceptable Adjust 
to leading professional and technial Letter 
magazines, 3; (i) to promote clear think ea 
ing, 2; (j) to give students help in ther ad 
current writing for other departmeh— 6,4... 
1; and (k) “to encourage the studenti§ [ottor 
widening his mental horizons and gaiti¥§ Collect 
proficiency in the expression of ideas ouh§ Credit 
side his immediate professional field,”1§ Recom 
The principal objectives of the twenty-w§ Letter 
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yivanced courses in composition for en- 
gineers may be summarized as follows: 


(1) to teach the student to write correctly 
ind effectively the reports and business 
ters that may be required of him in his 
professional career, and (2) to teach him 
io think clearly and organize his work 
iogieally. 

Replies to the question on the kinds of 
mitten work required indicate a total of 
uineteen different types of original compo- 
ition. Twenty courses require the writing 
fone or more kinds of technical reports 
md fifteen require business letters. Since 
these two general types of composition 
my be further subdivided, they are given 
wparate treatment in Tables 1 and 2. 
Tehnical expositions of processes and 
mechanisms are required by ten courses, 
ad the library research report is required 
iyseven. Five courses require the writ- 
ig of definitions, and four require ab- 
tracts, outlines, and descriptions as well 


s personal data sheets to accompany let- 
sapplying for positions. Three courses 
iford the student practice in writing 
whnical articles suitable for magazine 


number @§mblication, while the compilation of a 
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TABLE 1 


Trees or Business LETTERS REQUIRED 
CoursEs 1In ADVANCED CoMPOSITION 
Number 

of courses 

Type of letter 
Application for a position...... 10 
8 
Letter of transmittal.......... 7 
Response to an inquiry........ 6 
Adjustment letter............. 5 
Letter of inquiry.............. 5 
Letter of instruction........... 4 
Inter-office correspondence..... 3 
Letter of authorization........ a 
Collection letter.............. 2 
Recommendation............. 1 
Letter inviting a speaker....... 1 
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TABLE 2 


Types or TECHNICAL Reports REQUIRED 
In CoursEs IN ADVANCED COMPOSITION 


Number 

of courses 

Type of report pie type 

Descriptive or informa- 

4 
3 
Recommendation........... 3 


bibliography and the writing of editorials 
and book reviews are each a part of the 
program in two of the twenty-one courses. 
Other types of original composition re- 
quired in but a single course are as fol- 
lows: advertising copy, formal direction 
sheets, interpretations of graphs and di- 
agrams, news stories about technical sub- 
jects, and occupational analyses of the 
students’ chosen fields. 

Of the fifteen kinds of business letters 
which were listed for the twenty-one 
courses, the letter of application for a 
position is most frequently required. The 


‘sales letter, the letter of transmittal, and 


the letter responding to an inquiry follow 
the letter of application in order of fre- 
quency. The adjustment letter and the 
letter of inquiry are each required in five 
courses, and the letter of instruction and 
the letter report are required in four. 
Other types of letters and the frequency 
with which they were listed appear in 
Table 1. 

Table 2 lists the eight kinds of technical 
reports taught in the twenty-one courses 
in advanced composition. The table was 
made by disregarding the possibility of 
duplications in nomenclature and listing 
the name of each kind of report as it 
appeared on the questionnaires. 

The teaching method which instructors 
in advanced-composition courses reported 
most effective is the following five-step 
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procedure: (1) Student writing in re- 
sponse to a clear, specific assignment, (2) 
grading of the papers, (3) discussion of 
classwide errors, (4) student correction 
and revision of papers, and (5) special 
help to students with individual difficul- 
ties. Seven of the twenty-one instructors 
who filled out the questionnaire mentioned 
this method specifically—even to the point, 
in some instances, of outlining the pro- 
cedure. Ten teachers mentioned the cor- 
rection and discussion of student papers, 
and six said they insisted upon and super- 
vised the student’s correction and revision 
of his papers. Class discussion and study 
of student and professional models an- 
tecedent to student writing are elements 
of the method which were mentioned by 
seven teachers. Thus thirty of the forty- 
two responses on classroom procedures 
dealt wholly or in part with the inductive 
‘method of teaching written composition. 

The remaining twelve responses that 
concerned teaching methods were divided 
among seven different procedures. Each 
of the following methods was mentioned 
by two instructors: (1) The work in 
English is directly related to the student’s 
professional courses. (2) Arbitrary good 
forms for letters and reports are dictated 
by the instructor. (3) Opaque projectors 
are used to show models of student and 
professional work to the class. (4) In- 
formal lectures on specific writing prob- 
lems are presented to the class. Each 
of the following methods was mentioned 
by one instructor: (1) Lectures on com- 
position problems are given by other mem- 


Resolution 


The American Society for Engineering 
Education duly assembled at its 58th An- 
nual Meeeting in Seattle, Washington 
on June 21, 1950 wishes to express its 
sincere gratitude and appreciation to 
James S. Thompson for his faithful and 
untiring efforts as Treasurer of the Amer- 


bers of the faculty and by prominent jp. 
dustrial leaders. (2) Writing assignmens 
are designed to be done in class. (3) 
Papers and reports of local and individyl 
character are assigned to prevent ph. 
giarism. 

While the number of courses from whieh 
the preceding data were assembled ig tw 
small to provide a representative patten, 
the survey does indicate a few of th 
commoner practices in teaching advanei 
composition for engineers. In aim anj 
content the courses are primarily pra 
tical; that is, they teach the student hoy 
to do the writing he will have to dos 
a practicing engineer. The engineering 
report, business letter, professional artiek, 
and the abstract are the forms most fr 
quently taught. In addition, attention is 
generally given to the mechanical and struc. 
tural requirements basic to all effective 
writing, and the implieation is that a part 
of this training is remedial. The prevail 
ing teaching method requires the student 
to examine good models, apply the infor. 
mation to new and practical composition 
assignments, submit his written material 
for criticism, and carefully revise his 
manuscript on the basis of the suggestions 
he receives. 

Beyond these few common elements of 
purpose, content, and method, advance 
courses in technical composition vary 
widely. Their diversity generally refledts 
the academic background of which eat 
is an integral part, rather than any funds 
mental disagreement about the functions 
of courses in technical writing. 
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ican Society for Engineering Education 
during the highly critical period sinc 
1942. 

His wise counsel and broad experientt 
have been of inestimable help to te 
Council, Executive Board, and the enti 
membership of the Society. 
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Environmental Engineering Aspects of 
Nuclear Activities* 


By ARTHUR E. GORMAN 


fanitary Engineer, Division of Engineering, Atomic Energy Commission, Washington, D. C. 


In any discussion of the technology or 
even the economic potentialities of a new 
industry, experience has indicated the im- 
portance of giving consideration to the 
environmental impact of that industry. 
Such consideration is of particular im- 
portance if the industry’s operations, its 
products or its wastes are in any way ob- 
jectionable to community living or haz- 
ardous to public health. Environmental 
problems of industry are of special in- 
terest to sanitary and public health engi- 
neers because the public has over the 
years come to these specialists for advice 
in matters affecting their environmental 
interest. The purpose of this paper is to 
present from the viewpoint of the sani- 
tary engineer, some of the environmental 
problems in the atomic energy industry, 
mphasizing particularly the obligation 
of and opportunity for educators in the 
mgineering profession to participate in 
helping this new industry to enjoy a 
healthy growth without encountering 
some of the needless growing pains that 
other industries have experienced. 


Experience of other Industries 


Looking in retrospect over the prob- 
lems which have been associated with the 
growth of industry in the United States 
insofar as its impingement on community 
life, public health and safety and the 
economics of the local or regional area 


"Presented at Fall Meeting of the Engi- 
mering College Administrative Council, 
American Society for Engineering Educa- 
a Kansas City, Missouri, October 28, 


of operations were concerned, it is quite 
clear that many mistakes were made. In 
the light of previous experiences, many 
were avoidable, some may have been 
made in ignorance; still others were made 
because an industry developed far beyond 
the most optimistic concept of its foun- 
ders in its influence in the economic or 
community life of the immediate area or 
the nation. 

For example, many years ago with the 
realization that theirs was an industry 
noxious to community life, the stockyards 
and packing house interests in Chicago 
moved to an area beyond the city limits. 
In the course of events, however, the 
growth of the city exceeded expectations 
and soon the stockyards and packing 
houses were surrounded by residential 
and commercial developments. As a con- 
sequence, a whole series of environmental 
problems arose to plague the industry 
and the public. Again in the case of the 
automotive industry little did its founders 
realize when the first car was built how 
profoundly in the years to come the auto- 
mobile would affect the economic struc- 
ture of the nation, revolutionizing trans- 
portation and setting the stage for such 
great industries as road building, oil re- 
fining and rubber tire manufacture. It 
is doubful if the pioneers in the auto- 
motive industry realized that clean 
streams in which fish were then abundant, 
would in the years ahead become grossly 
contaminated by wastes from the new in- 
dustry they had started; or that the clean 
invigorating air over the manufacturing 
areas would become polluted by objec- 
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tionable dusts and fumes from theirs and- 


allied industries. 

These examples of the environmental 
aspects and potentialities of a new in- 
dustry could be multiplied many times. 
But, they will serve to illustrate the 
depth, the variety and the types of prob- 
lems which the sanitary and public health 
engineers of this country have had to face 
in working with industry; also to point 
out to members of this association who 
are interested in the education of engi- 
neers, some of the considerations which 
need to be weighted in appraising profes- 
sional opportunities and obligations in 
the fast growing atomic energy industry. 


Atomic Energy Industry Different from 
other Industries 


The atomic energy industry differs in 
many respects from other industries with 
which we are familiar; but still in mat- 
ters of environmental sanitation certain 
patterns are similar; others are new— 
even unique. Insofar as this new indus- 
try differs from others, educators of per- 
sonnel for this industry will want to 
adapt training programs to these needs. 
It may be helpful to refer to some of the 
areas in which normal American indus- 
tries differ from the atomic energy indus- 
try in organizational and operating poli- 
cies involving environmental sanitation 
and public health. 

Most industries are privately-owned 
and are operated subject to the laws of 
the state in which they are operated. 
Their raw materials are diverse and their 
finished products are widely distributed 
through established competitive channels; 
waste products which have value are gen- 
erally promptly reclaimed and those with- 
out value before being released are sub- 
ject to such treatment as public health of- 
ficials having jurisdiction require. Spe- 
cialists in such industries working with 
public officials have helped to develop 
techniques and procedures for operating 
controls affecting the public, and together 
they have arrived at reasonable agree- 
ment as to levels of contamination in 


wastes from various industries which can 
be disposed of to nature without creating 
a nuisance or a public health hazard, 
Usually wastes from normal industries, 


. even though they may be objectionable or 


hazardous, are short-lived and their en. 
vironmental effects can be observed in 
terms of hours, days or weeks. 

In contrast, the atomie energy industry 
by law is federally controlled; knowl. 
edge of its operations are subject to strie 
security controls; there is no profit mo 
tive in its commercial operations; the 
raw materials such as uranium ores are 
rare and costly and may be imported 
from distant places; techniques and pro- 
cedures in processing are unique; the 
finished product is highly radioactive as 
are some of the wastes; and, standards or 
permissible tolerances of contamination 
for wastes released to nature vary widely 
within the industry and are unfamiliar to 
most outside public officials. There are 
few state or local regulations governing 
the disposal of these wastes, especially 
those that are radioactive. This is be 
cause so little is known by outside agen- 
cies concerning such wastes; and finally, 
some of the wastes of this industry may 
be long-lived and if not handled cor 
rectly present problems for both present 
and future generations. 


Problems of Waste Disposal 


In view of what is already well known 
about the atomic energy industry, it is 
obvious that its products are hazardous 
and must be handled with intelligence and 
care. The same is true of its waste prod- 
ucts. The Atomic Energy Commission 
is giving much consideration to this as 
pect of its operations. The principal 
hazards arise from the effects of radia 
tion, but some products also have toxie 
properties. Starting with the mining of 
raw materials from which fissionable ma- 
terial is obtained, and continuing on until 
the product is prepared as fuel for nu 
clear reactors, protection against low 
levels of radiation can usually be ob 
tained by good industrial housekeeping 
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as practiced in well-controlled chemical 
industries. After the fuel materials are 
bombarded by neutrons the level of radio- 
activity is increased and from then on 
exceptional methods must be taken both 
to protect workers in the industry and to 
prevent products or wastes from expos- 
ing others off-site to hazardous amounts 
of radiation or to wastes which are toxic. 
Such precautions are taken and responsi- 
bility for this work has fallen on a 
new group of specialists known in the 
industry as health physicists. They have 
been and are doing a good job and de- 
serve much credit for the control meas- 
ures which have been put into effect. 
Problems of environmental sanitation 
exist in dealing with toxic and radioactive 
wastes especially when the amounts and 
levels of activity are high. As with other 
industries, waste products to be disposed 
of may be in solid, liquid or gaseous 
forms. Unfortunately, the problems of 
disposal in any of these forms are by no 
means as simple as in other industries. 
Standard equipment and_ established 
methods of treatment are not always usa- 
ble with radioactive materials, especially 
those of high energies and long half-lives. 
For example, equipment used in handling 
radioactive materials may have to be 
taken out of service because of the high 
level of radioactivity it has acquired and 
not because it has worn out. Ordinary 
maintenance tanks may require special 
shielding to protect workers and in the 
design and installation of equipment spe- 
dal consideration must be given to this 
aspect of the industry. It is in develop- 
ing new solutions to these problems that 
chemical and sanitary engineers are 
needed in the atomic energy industry 
whose training in nuclear physics is ade- 
quate to permit them to keep abreast of 
the research and developmental work car- 
tied out by the nuclear physicists. The 
lew products or methods developed in re- 
arch must ultimately be engineered for 
production units and these should include 
auxiliaries for treatment and disposal of 
wastes. This is true whether we are deal- 


ing with applications of atomic energy 
for civilian or military applications. 

Initially, the principal objective of the 
atomic energy industry in this country 
was to develop a military weapon; and to 
a large extent its energies are still being 
directed toward military objectives. Dur- 
ing the war, naturally, production had a 
priority over considerations of waste dis- 
posal, although these were not neglected. 
An appraisal of waste disposal problems 
in the post-war period has shown, how- 
ever, the need of improved methods of 
treating wastes, and as the atomic energy 
program expands, disposal facilities are 
being developed and installed. Already 
today, industrial plants in many states 
assist in processing nuclear fuels for the 
atomic energy industry, and radioactive 
materials are shipped to and from widely 
scattered production areas. Radioisotopes 
are being used in research institutions in 
about 40 states. 

The Atomie energy industry is not as 
fully integrated into the American com- 
munity and economic system as are most 
other industries. The original plants and 
laboratories at Oak Ridge, Tennessee; 
Hanford, Washington; and Los Alamos, 
New Mexico were specifically located in 
isolated areas and its employees were 
housed in federally controlled villages. 
In matters of environmental sanitation 
this situation has its obvious advantages 
and disadvantages. Isolation of produc- 
tion plants and laboratories is desirable 
from the standpoint of security and cer- 
tain potential environmental hazards es- 
pecially in disposal of wastes. Isolation 
of research areas has the disadvantage of 
distance from institutions cooperating on 
related research and readily available res- 
ervoirs of trained technicians and other 
workers. As a latecomer in the American 
industrial field, the atomic energy indus- 
try faces the problem of adjusting its 
operations to those of an organized econ- 
omy and established ways of community 
life. 

It is of fundamental importance that 
the site on which a plant for production 
of nuclear products be carefully selected 
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from the point of view of such environ- 
mental factors as: (1) distance from other 
industries or communities; (2) avail- 
ability of an adequate source of water 


supply; (3) effect of products or wastes - 


if accidentally released on sources of 
ground or surface water supplies; (4) 
meteorologic conditions in the area and 
general vicinity; (5) topography and ge- 
ology of area in relation to security and 
structural factors; (6) availability of 
housing and community facilities; (7) 
transportation. 


Cooperation with other Public Agencies 


One of the important steps found in 
integrating this new industry into the 
national pattern has been in calling upon 
other public agencies for assistance in 
the fields of their special interests, pro- 
ficiency and responsibility. This involves 
indoctrination of their experts in opera- 
tions of the atomic energy industry and 
in turn getting from them judgments 
arising from experience in dealing with 
many other industries over the years. In 
matters of environmental sanitation such 
long-established federal agencies as the 
Geological Survey, the Public Health 
Service, the Bureau of Mines and the 
Weather Bureau have been most helpful. 
The Geological Survey has investigated 
geology at and in the vicinity of several 
production and research areas under 
A.E.C. control in connection with avail- 
ability of water supply, the effect of dis- 
posal of wastes on water resources; and 
the suitability of soils for disposal of 
wastes. The Public Health Service with 
long experience in treatment and disposal 
of domestic and industrial wastes and 
pollution of waterways has assigned ex- 
perts to assist in research in disposal of 
radioactive and toxic wastes peculiar to 
the atomic energy industry and in re- 
search in methods of removing radioac- 
tive decontamination from water. The 
Weather Bureau has cooperated in nu- 
merous areas in study of meteorological 
conditions affecting operations at produc- 
tion and research plants where the de- 


contamination and release of radioactive 
gaseous effluents is or may be a matter of 
concern. In addition to cooperating with 
these federal agencies in resolving prob- 
lems of environmental sanitation the 
prime production and research contrac. 
tors of the Atomic Energy Commission 
have and are carrying out important re- 
search on waste disposal methods at their 
various areas of operation. Furthermor, 
contracts have been made with research 
institutions to do similar work. Of spe. 
cial interest to sanitary engineers is re- 
search being carried on in waste disposal 
and decontamination of radioactive wa- 
ter, being carried out at the Oak Ridge 
National Laboratory, Los Alamos, and by 
the Sanitary Engineering Divisions of the 
Massachusetts Institute of Technology, 
New York University and The Johns 
Hopkins University. 

Certain state agencies have also coop- 
erated with the A.E.C. in problems of en- 
vironmental sanitation. Their participa- 
tion has been less, not because their as 
sistance is not needed, but principally 
because there have not been available in 
these agencies personnel trained in those 


aspects of nuclear physics which are es- . 


sential to an understanding of the indus- 
try’s problems in relation to local respon- 
sibilities. 


Need of Training Public Officials 


To date supervision and control over 
production, use, transportation and dis- 
posal of radioactive materials and wastes 
have been carried out within the industry 
with little attention by outside public 
agencies which normally have responsi- 
bility for industrial operations in areas 
of their jurisdiction. This situation which 
grew out of wartime security conditions 
is gradually being adjusted but has con- 
tinued because among the staff members 
of such agencies knowledge of nuclear 
physies and problems of this industry 
which would be required to exercise nor- 
mal governmental controls, is lacking. 
Since it is quite obvious that the atomi¢ 
energy industry is here to stay and that 
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it will be widely developed to serve our 
citizens, it is important that knowledge 
concerning this industry should be bet- 
ter understood by all, especially those 
having a direct interest or concern. The 
Atomie Energy Commission is seeking to 
broaden the base of knowledge concern- 
ing this industry and in this effort edu- 
eators of engineers can be of great serv- 
ice. The acute shortage of research 
workers trained in nuclear physics, tech- 
niques, instrumentation and interpreta- 
tion of results has been relieved to some 
extent by training courses sponsored by 
the A.E.C. and by some of the military 
agencies. But, the number of trainees in 
the engineering field is limited and the 
industry will continue to be embarrassed 
in a healthy expansion program until 
education and training of workers both 
within and without the industry can be 
expanded. In particular, there is a need 
of educating and training public officials 
who have a responsibility for public 
health and safety. It is timely to point 
out that these officials and those operat- 
ing publie utility systems such as water 
and sewage works also occupy strategic 
positions in public service. 

It is highly desirable if plans for the 
expansion of the atomic energy industry 
are to go forward that in matters of en- 
vironmental sanitation involving this in- 
dustry, federal, state and local officials 
be given training in nuclear physics. It 
is in this connection that the directors of 
educational institutions can be most help- 
ful. A logical attack on this problem 
calls for immediate action on two fronts: 


1. Training of the young engineer in 
the making; 

2. Training of experienced engineers 
already carrying public responsibili- 
ties and qualified to help the atomic 
energy industry, but lacking knowl- 
edge in nuclear physics and the spe- 
cial problems of the industry. 


If we agree that atomic energy has 
great potentialities for service in this 
world then the educator of young engi- 
neers in all branches of the profession 


should be given well-balanced instruction 
in nuclear physics and its applications. 
In schools offering degrees in sanitary 
and public health engineering such in- 
struction should be especially thorough. 
The training should give emphasis to the 
environment aspects of atomic energy op- 
erations particularly in relation to haz- 
ards involved in transporting and han- 
dling of materials, and in disposal of 
wastes of all kinds. It should include use 
of instruments and interpretation of data. 
Education and training of engineering 
graduates along these lines will develop 
in the future a wider understanding of 
the problems of the atomic energy in- 
dustry; will permit better balance within 
the industry of responsibility carried by 


engineers in the fields of their specialty 


and in the long run, will permit the in- 
dustry to’ become more effectively inte- 
grated as a normal unit of our national 
life instead of an awesome oddity little 
understood and much discussed. 

The training of the older graduate en- 
gineers experienced in public service, such 
as sanitary engineers, geologists, indus- 
trial hygienists, water and sewage works 
specialists and others, in nuclear physics 
and its applications in research and pro- 
duction in the atomic energy industry 
presents a complicated problem to engi- 
neering educators. It is, however, an 
obligation which should carefully be ap- 
praised and I hope promptly accepted by 
the American Society for Engineering 
Edueation if this industry is to enjoy a 
healthy growth. Looking at this problem 
from the standpoint of attaining a firm 
civilian defense position, action toward 
initiating training programs should be 


_ started at once. 


The experienced engineers in the vari- 
ous professional classifications previously 
referred to have much to offer the atomic 
energy industry and, where their services 
have been called upon, this has been 
amply demonstrated. A great deal of 
research and development work in water 
supply and purification, use of water for 
heat exchange, collection, storage, treat- 
ment and disposal of radioactive wastes, 


and in the development of special equip- 
ment is needed and this demand will con- 
tinue as the industry grows. Work in 
this direction is being retarded because 


of shortage of specialists in these fields . 


who have knowledge of nuclear physics. 

It is the writer’s opinion that a com- 
bined effort by the principal federal pub- 
lic agencies concerned and the directors 
of engineering education in American col- 
leges and universities, is needed to develop 
adequate training of these older engi- 
neers in order that their usefulness in 
their jobs and to the atomic energy in- 
dustry may be fully realized. Some ne- 
gotiations, looking forward to special 
training of sanitary and public health en- 
gineers, have already been entered into 
with the National Research Council 
through its Subcommittee on Sanitary 
Engineering and Environmental Sanita- 
tion. In a three-way cooperative pro- 
gram, as referred to, the public agencies 
after evaluating their interests in and 
possibilities for service to the atomic en- 
ergy industry could select key men for 
training. In turn, the staff of the Atomic 
Energy Commission, after being advised 
of the interests and service possibilities 
of these outside agencies, could suggest 
the types of problems in the industry in 
which the trainee could help most and ar- 
range to establish avenues of approach 
within the industry which would bring 
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the trainee into realistic contact with 
these problems. Consultation between the 
industry, the public agencies and educa. 
tors of engineers could develop the type 
of instruction and length of training 
which should precede, accompany, or fol- 
low the trainee’s contacts with the indus. 
try’s operational problems. Through a 
well-coordinated program of this kind 
small groups of experienced engineers 
could be assigned to various A.E.C. areas 
or educational institutions for practical 
and theoretical training. 

It is understandable that educational 
institutions look with disfavor on certain 
types of “short course” training, espe 
cially in the basic sciences. But the prob- 
lem which faces the atomic energy indus- 
try in public health and environmental 
sanitation today are so unique that they 
warrant special consideration. In con 
clusion, I am sure your society will want 
to help the industry through this transi- 
tion period when the experienced publie 
health engineer, without knowledge of 
nuclear physics, will be called upon to 
serve until the young engineer, who is 
being trained in the fundamental prin- 
ciples on which the atomic energy indus- 
try rests, can attain the experience which 
will permit him to pull a strong oar in 
meeting the many environmental prob 
lems which lie ahead in the growth of this 
new and important industry. 


Gainesville, Fla. 


THE COOPERATIVE DIVISION 
will hold a 
Mid-Winter Meeting _ 


The University of Florida 
January 9 and 10, 1951 


Sut 


Pr 
Engi: 
wide 
tent, 
Surv 
to tl 
work 
on 0. 
mer, 
Anot 
gram 
gethe 
W: 
: impo 
singe 
veyln 
must 
instr 
stitut 
prod 
consi 
Ce 
conte 
4 keep 
to ix 
: prop 
every 
it is 
const 
Engi 
subje 
at prog 
press 
time. 
cond 
*F 
Meet: 
tober 


ny, or fol- 
the indus- 
Through a 
this kind 
engineers 
E.C. areas 
practical 


ducational 
on certain 
ing, espe 
; the prob- 
rgy indus- 
ronmental 


ng oar in 
ital 
vth of this 


Surveying Instruction in the Civil Engineering 
Curriculum* 


By HERMAN J. SHEA 


Associate Professor of Surveying, Massachusetts Institute of Technology 


Probably no other subject in the Civil 
Engineering curriculum is open to so 
wide a latitude in continuity, course con- 
tent, emphasis and time allotment as is 
Surveying. One of the factors leading 


to this variation is whether the field- 


work is given during a regular semester, 
on or near the campus during the sum- 
mer, or at a summer surveying camp. 
Another influence on the surveying pro- 
gram is whether field work is taught to- 
gether with theory or subsequent thereto. 

With these deviations in mind it is both 
impossible and undesirable to present a 
singular solution for the design of a sur- 
veying program. Rather, any treatment 
must take the form of a description of 
instructional method adopted by one in- 
stitution. No claim is advanced that 
our approach is perfect, but it is the 
product 6f much thought and serious 
consideration. 

Certainly a periodic review of course 
content is both wise and necessary. To 
keep abreast of recent developments and 
to include them in the curriculum with 
proper emphasis should be the aim of 
every surveying instructor. However, 
it is patent that new material is being 
constantly introduced into the Civil 
Engineering curriculum. Thus time and 
subject allotments within the surveying 
program are complicated by the twin 
pressures of new material and decreased 
time. To design carefully under such 
conditions calls for careful judgment 

* Presented at The New England Section 


Meeting of the ASEE, Yale University, Oc- 
tober 8, 1949. 


leading to the best and wisest use of the 
actual time available. 

A major precept which governs the 
arrangement of our surveying program 
at M.I.T. is that students, when in nor- 
mal succession, will have completed all 


-their surveying subjects by the end of 


their sophomore year. It is our feeling 
that by so doing, the student is presented 
with a definite advantage when seeking 
summertime employment. Not only will 
their chances for sub-engineering posi- 
tions be heightened, but the student will 
be better able to benefit from such prac- 
tical experiences. 

Since the first-year program at M.I.T. 
is identical for all students irrespective 
of course selection, one of our curricu- 
lum requirements for surveying is that 
all subjects be scheduled between the end 
of the freshman year and the end of the 
sophomore year. 


Summer Surveying Camp 


Students are introduced to surveying 
through attendance at the Civil Engineer- 
ing Summer Surveying Camp at East 
Machias, Maine. It is presumed that 
these students have had no descriptive 
or theoretical course in Surveying. We 
are then committed to a program of 
instruction combining description, theory 
and practice. In my personal experi- 
ence at M.I.T., I have had the oppor- 
tunity to compare those students who 
have taken a theory course before at- 
tendance with those who have had none. 
It has been my personal finding that 
the latter group adjusts itself quickly, 
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has forgotten nothing, for there is noth- 
ing to forget, and in the course of a 
relatively short time, finds itself in the 
same position as those with previous 
instruction. 
of an engineer’s transit followed by an 
interval of four to eight months before 
using the instrument impresses me as a 
waste of time. Terms hazily under- 
stood and unreinforced by actual usage 
are not apt to stay in the student’s mind 
over long periods of time. 

Our initial work at Camp is devoted 
to training the student in the handling 
of the various instruments and practice 
in elementary surveying methods. We 
aim, at the end of two practice rounds, 
to develop the student to the point where 
he may, counselled by the instructor, 
participate in the survey of an area and 
concentrate his attention on the problem 
at hand without being distracted by major 
questions of technique. 

Since, to my mind, the first steps in a 
fieldwork subject are important toward 
setting the pace of the course, I should 
like to describe in some detail the work 
of the first few days. The first morning 
at Camp is divided into three lectures— 
lectures on a grouping which I like to 
think of as the optical instruments of 
surveying; the plane table and alidade, 
the engineer’s transit and the engineer’s 
level. Our first round of fieldwork is 
devoted to one day’s practice in each of 
the above instruments. 

With the plane table and alidade, the 
student carries out the principles of in- 
tersection, resection and the three-point 
problem using range poles on a compara- 
tively level stretch of land. Thus the 
student is able to see, at one glance, the 
translation of these points onto his 
plane table sheet. To avert the im- 
pression that these methods are adapted 
to ranges of 300-400 feet, the opera- 
tions are repeated on a preplotted plane 
table sheet to a scale of 1/20,000 using 
control stations roughly two miles away. 
During this work, the student is naturally 
becoming acquainted with the handling 
of a plane table board and tripod, orien- 
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tation of a map sheet, and manipulation 
of the telescopic alidade. 

The remainder of the plane table exer. 
cise consists of observing a plane table 
traverse having about ten sides. This 
project provides the student with a 
graphic introduction into the general 
subject of traverses. Likewise he is able 
during the first time he runs a traverse to 
have a visual record of his error of clog. 
ure—a point that should start him think. 
ing about precision. A third novel fea- 
ture, to the student, is the reading of dis. 
tances by the stadia method. 

The student’s work with the engineer's 
transit starts with his setting a transit 
over a point and reading single angles 
on distant targets. These observations 
are conditioned, naturally, by the re 
quirement that the sum of the angle 
totals 360°. To point out the advantage 
of checking each angle as it is measured 
and to show how superior precision may 
be obtained, the student immediately reob- 
serves the same angles by the method 
of repeating each angle three times. If 
the student is required to maintain a 
check between his first repetition and 
the average from his third reading, the 
certainty with which the sum of the 
angles will depart by only small values 
from the theoretical amount should serve 
to show him the value of obsetving local 
checks whenever possible. 

The exercise devoted to the engineer's 
level consists of running levels between 
established benchmarks. These runs are 
designed to be short enough to permit 
each student to observe a known differ- 
ence of elevation. Thus a check of his 
effectiveness is immediately available. 


Second Group of Exercises 


Our second round of preliminary exer- 
cises is prefaced by a series of three le 
tures on contours, principles of stadia 
and taping. As before, these discussions 
are followed by one-day exercises in the 
location of contours by use of the plane 
table, a day on observation of a stadia 
traverse and a third day on taping. 
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{n the first exercise, that of contour 
determination by use of the plane table, 
the student spends the first half-day 
chasing in contours by means of a level 
telescope and the second half-day taking 
vertical angle stadia shots and _ inter- 
plating the contours. Thus the student 
should see the topography grow on his 
plane table sheet and he should early 
acquire a feeling for contours. 

The stadia traverse project provides 
the student with his most complex instru- 
ment technique and party organization 
to date. Our traverses consist of 12- 
sided figures, each starting point near a 
benchmark and provided with a variety 
of sights. By carrying elevations and 
wimuths, checking foresights by appro- 
priate backsights, the student hopes to 
insure a reasonable closure. I can well 
attest to the student’s feeling of concern 
when the closing point is reached. 

Taping, as we well know, is simple in 
theory and difficult of practice. The stu- 
dent starts by taping a line about 800 
fet long, forward and backward, by 
horizontal taping. We require an ap- 
parent agreement of one part in 10,000 
between the two measures. Much care 
is taken to impress upon the student 
that this agreement is apparent only and 
that temperature effects and erroneous 
lngth of tape undoubtedly influence 
his result in far greater amount than 
his agreement. As a prelude to vertical 
mgle taping, the student observes by 
horizontal taping the distance between 
two points at the top and bottom of a 
seep banking. He is then more than 
ready for vertical angle taping. This 
latter method shows the student an effi- 
tent means of securing distance meas- 
wements where the difference of eleva- 
tion is great. 

We place much importance on these 
preliminary exercises for we feel that 
student properly grounded during this 
wries is ready for large scale practical 
problems. It is, of course, true that he 
should be constantly improving the qual- 
ty of his workmanship, but the intro- 
tuetory phase should be over. 
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In groups of six, the students are as- 
signed to instructors to perform the 
complete mapping of an area approxi- 
mately 1000 feet square. A control 
traverse is run to a specified precision 
of one part in 5000. This traverse is 
laid out to serve most efficiently as con- 
trol for the final map. Vertical control 
is next established with temporary 
benchmarks near each traverse station. 
After satisfactory sun azimuths are ob- 
tained and the traverse computed, a 
plane table sheet is prepared. This 
manuscript map serves as a record for 
topography taken with the plane table 
and the transit stadia information is 
plotted thereon. We attempt to secure 
about one-half the topographic informa- 
tion directly through the use of the plane 
table and the other half by transit stadia. 

Each student is required to prepare 
a finished map of his area. Much as we 
may admire maps drawn in colors on 
heavy white paper, the fact must be faced 
that virtually no engineering office would 
allow the time necessary to prepare such 
artistic triumphs. We therefore specify 
that the student’s effort be done on trac- 
ing cloth with ink. The map must not 
only be accurate, carefully drawn and 
pleasing from an engineering stand- 
point, but it must be efficiently executed. 

In the first portion of our work at the 
Summer Surveying Camp, there are nat- 
urally many items of instruction which 
are properly part of the work. I should 
like to mention specifically two particular 
subjects. One is the observing of stars 
for time, latitude and azimuth. While 
the former two observations are rela- 
tively infrequent in engineering prac- 
tice, the student who is able to handle 
his instrument in the dark with the aid 
of unsatisfactory illumination is well 
along the way toward mastery of his 
subject. Of course, observations on 


Polaris for azimuth have has a distinct 
bearing on the practical execution of 
surveys. 

The satisfactory teaching of instru- 
ment adjustments is, to my mind, an im- 
portant feature of surveying instruc- 
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tion. Our practice is to require the 
student to test the instruments (transit, 
level and alidade) which he had been 
using in the field and to report on their 
condition of adjustment. By this means 
he becomes familiar with the errors. He 
is then handed an older transit and level 
purposely put out of adjustment and is 
told to come back with the instruments 
in perfect working order. 
the student with older instruments, the 
damage is somewhat confined. 


Advanced Program 


The second portion of the Surveying 
Camp (three weeks out of a total of 
seven) is allotted in equal parts to Route 
Surveying Fieldwork and to Advanced 
Surveying Fieldwork. In the former, 
the student meets for the first time that 
broad division of Surveying which we 
might call layout work. Previously he 
has been engaged in analytical measure- 
ments on quantities already in place. 
That the staking out of structures is im- 
portant and a wide field of practical 
surveying, no one will deny. Why not, 
therefore, lay stress on this at an earlier 
date and to greater extent? Our feel- 
ing is that the student must first have a 
thorough background in the handling of 
his instruments and in the methods of 
surveying to permit a concentration of 
attention on the efficient solution of his 
layout problem. 

Regardless of the project, whether it 
be a highway relocation, an earthwork 
estimate, a column or building location, 
an important point that should be kept 
in mind by the student is that construc- 
tion survey points have a high degree 
of mortality. We feel that adequate in- 
struction must be given to working along 
offset lines and that efficient references 
well outside the construction area be in- 
cluded in the survey. 

One noteworthy feature of this type 
of survey is that the scope of the project 
should be, on the one hand, of sufficient 
size to stimulate a sense of accomplish- 


ment, and on the other, limited enough 
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that the completed survey be easily yj 
lized. 

In Advanced Surveying Fieldwy 
our purpose is to introduce the stuigi 
to some of the more precise methods (§Gyeenwick 
surveying. Briefly, the projects qpltical app 
ered are: angles with a repeating insinftime enter 
ment, directions with a micrometer migmfrirtue of 
scope theodolite, base line measuremefprised in 
with a 50-meter tape and stakes, pres An ade 
traverse with a 100-foot steel tape mif(onforma 
taping bucks, and precise levels withifutor pro 
tilting dumpy level. Within the seopedfyide rect: 
this course, stream volume measuremahfyay of 1 
and soundings are also covered. We devel 

While the major emphasis of ofgound f 
Camp curriculum is on fieldwork, thefof these s 
retical discussions are held whenew§eable att 
necessary to an adequate understandig Siow such | 
of the problem at hand. We find thifarveys. 


Civil Engineering student registers fr 
Advanced Surveying in the fall semese 

and for Route and Construction 
in the spring. In both of these cour @irulic Ex 
the work at the Summer Surveying Cam §iterminat 
is continued and amplified. Wherwfie volur 
possible, fieldwork data taken at th§unt; Sa: 
Camp serve as problem material. 

It is with the former course—At§rlopment 
vanced Surveying—that I am _ parti gradin; 
larly concerned and I should like to pegmi an a 
sent some of the features of that coum fueing tl 
In the recitation part of this course, emg 
neering astronomy, base line measuegulplified 
ments, triangulation, and precise leveling} ls whicl 
are covered in some detail. Likewise, ix pie desig 
struction in State-wide rectangular @f'sudent 
ordinate systems is included. me feel, is 

Concern 


I have so 

The teaching of Engineering Astt®Emlization 
omy is a case in point where the @fnbject is 
creased time allotment has had a maj@Blwinceri 
impact. To present in a limited timeM#fying, | 
full scope of Practical Astronomy 
student is well nigh impossible. Such'firhat use 


Astronomy 


| 
we are able to cover the entire subjt§ The dr 
matter of such an elementary book s§curse is < 
“Breed’s Surveying” as well as 
excursions into higher surveying. we of ¢ 
Upon his return: to the Institute, te§gammetry 
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easily VimgBeourse might well be a full term’s work. 
e have adopted the compromise of 
Fieldwotfgrounding the student carefully in the 
the studafigsic definitions and then develop the 
) methods jreenwich Hour Angle system as a prac- 


rial. ign of a sewer system for a land de- 
course—At-frlopment; Transportation Engineering 
am partie §ly grading considerations for a highway 
like to pe§ad an airport; and Structural Engi- 
that coum§weing through a bridge triangulation 
course, eigrgjtblem. True the projects are both 
ne measuesiliplified and without the complex de- 
cise leveling tls which are properly part of a com- 
Likewise, tee design. But there is much to show 
angular @§'sudent and such an early introduction, 
vefeel, is not amiss. 
Concerning the teaching of Photo- 
mammetry to Civil Engineering students, 
have some definite ideas. As a gen- 
ing Astt0Pralizs tion, I feel that instruction in this 
ere the dBabject is most certainly part of a Civil 
ad maj Egineering student’s training in Sur- 
ited time Mwying. But I do feel that the guiding 
onomy t#finght should be to show the students 
le. Suchtftat use they, as potential engineers, 


ean make of aerial photographs with 
only limited equipment; and secondly to 
point out what specialized companies 
in this field can do for them. A listing 
of our projects in photogrammetry 
should give some idea of what I feel be- 
longs in the former category. These are: 


. Preparation of a flight map 

. Preparation of an index map 

. Geometry of a vertical aerial pho- 
tograph-displacement due to relief 
and tilt 

. Radial line plot—two flight lines, 10 
prints of an area in the vicinity of 
our Summer Surveying Camp 
where adequate control is available 

. Complete preparation of a plani- 
metric map based on Project 4— 
detail transferred by use of verti- 
eal reflecting projectors 

. Seale check problem, vertical print 
—coordinates taken from a print, 
altitude of exposure found, and 
length of a second line determined 
(the latter measure is compared 
with a known length giving the stu- 
dent an indication of the precision 
of the process) 

. Tilt of an aerial photograph from 
scale check lines 

. Height of an object, such as a 
stack, from a stereo-pair 

. Preparation of a stereo-pair for 
contouring 

10. Examination of stereo-pairs for 

detailed information 


The above listing omits the various in- 
struments which are appropriate to the 
projects. Such equipment as lens and 
mirror stereoscopes, vertical reflecting 
projectors, height finders and stereo- 
comparagraphs should be available. 
There is, of course, considerable lecture 
work necessary to the introduction of the 
above projects. 

In developing this paper, the thought 


has occurred to me at this stage that I 


have concentrated on a design for what 
(it is my fond hope) should be a tech- 
nical excellence on the part of the stu- 


ating insinftime enters. Such a development has the ee 3 
meter mimfrirtue of simplicity and may be com- weg 
in a much shorter time. 
akes, preixf An adequate coverage of the Lambert ay 
el tape misConformal Conic and the transverse Mer- 
evels projections as adapted to State- 
the scopedfvide rectangular coordinates is, to my 5 
leasuremenipyay of thinking, extremely important. 
ed. We develop sufficient theoretical back- 
sis of omfgound for an adequate understanding 
lwork, thefof these systems, but concentrate consid- 
d whengefmble attention in showing the student aS 
nderstandig $iow such layouts are adaptable to routine 
Ve find thifurveys. 
subjt§ The drafting room section of this 
iry book w§wurse is devoted in equal portions to the oe: 
as numenugvlution of engineering problems by : 
ying. w of contour maps and to photo- 
nstitute, tkigammetry. In the former, an attempt i 
egisters fr§is made to introduce the student to the 
fall semed#@urious fields of Civil Engineering 
‘ion Survpfiirough assigned projects. Thus Hy- 
hese coun #imulic Engineering is met by way of the 
eying Camfieermination of a watershed area and = 
. volume of the resulting impound- 
ken at te§nnt; Sanitary Engineering by the de- Me 
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dent. Yet there is much more to the 
training of a student in Surveying. 
Throughout this subject there is an ex- 
cellent opportunity to inculeate profes- 
sional and ethical responsibilities. Since 
the result of a survey is highly flavored 
by the character of the parties con- 
cerned, there is no readily applied cri- 
terion to judge the accuracy or complete- 
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Better engineers, fitted for the increas- 
ing tempo of technical progress and de- 
veloped through more efficient use of the 
first five years following graduation, is 
the objective of a long-term program an- 
nounced by the Engineers’ Council for 
Professional Development. The study 
is the result of more than 15 years of 
work on the part of the E.C.P.D. Com- 
mittee on Professional Training under 
the chairmanship of A. C. Montieth, Vice 
President of Westinghouse Electric and 
Manufacturing Company. Essentially it 
is a guide which assumes that a young 
man with potential, and whom the report 
characterizes as “the most important 
person in this country today, is willing 
to contribute heavily in time and effort 
toward his own development. The engi- 
neers picked the five years following 
graduation as the most important in a 
professional man’s life, since he is then 
on his own and if the period “ean be filled 
with a helpful program, the further prog- 
ress of developing the engineer will be 
a natural evaluation.” The committee 
felt that if, within the first five years, the 
young engineer did not organize his 
thinking and see through the complexi- 
ties of modern industrial life, he would 
not be able, eventually, to assume leader- 
ship. 

The E.C.P.D. program is divided into 
five parts. The first covers the orienta- 
tion and training of engineering person- 
nel by employers. The committee studied 
the training programs of 54 companies 
and reviewed the published information 
about programs of about 80 other in- 
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ness of the product. Those standan 
which we are in a position to apply mg 
be both technically and ethically som 
Redesign of our courses has been neg 
sary, but any arrangement must indy) 
the facts and ideals of life. For surg 
ing, these include education leading to; 
competent workman who does a pmiy 
sional piece of business. 
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dustrial firms. The study showed thi 
the cost of industrial training was ming, 
and that results after the first year um. 
ally held enough promise to conving 
management that further developmat 
and further training were wise. Tr 
committee characterizes industrial trap 
ing as “the first and best opportunity 
start the young engineering graduate m 
a professional development program” 

The second part outlines plans fr 
cooperation in industrial and engine 
ing schools for the continued educatin 
of the graduate engineer. “Indust 
management must do more than provile 
orientation and specialized treatmenl) 
the committee report states, “it must k 
concerned with the education of the who 
man and employers in industry and gor 
ernment, in cooperation with the college, 
have the responsibility of providing em- 
tinued education’ for the engineerig 
graduate.” A way of meeting this ® 
sponsibility was suggested by a subeu- 
mittee which surveyed various study pr 
grams and found that out of 50 indw 
trial centers, some 23 offered evenilg 
study opportunities for engineers throug) 
local colleges. For those communi 
that have no local engineering sebiotl, 
they recommended that local engineetilg 
societies encourage industry and the salt 
universities to establish extension centess; 
that the engineering societies spon 
refresher courses, round-table discussidl 
and lecture series in specialized fieldsd 
interest to the community. 
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Report of ASEE Mechanics Division Summer 
School, Lowa State College 


More than one hundred interested 
teachers of Mechanics attended the five 
day Summer School on Dynamic Teach- 
ing of Mechanics held at Iowa State Col- 
lege, September 11-15, 1950. Thirty-nine 
institutions were represented in the regis- 
tration list. 

The first day was devoted to back- 
ground material with an examination of 
the learning process by Dean Kerekes, a 
discussion of the historical development 
of mechanics by Dean Hollister and a 
consideration of the prerequisite material 
in mathematics and physics by Dr. Cell. 
Each of the following days was devoted 
to a consideration of the course content 
md techniques of effective teaching of 
me of the four subjects, Statics, Dy- 
tamics, Mechanics of Materials, and Fluid 
Mechanics. In one evening session Dr. 
Grinter presented results of some experi- 
ments in teaching methods for non-aver- 
ie students and Professor Muhlenbruch 
outlined the use of teaching aids in pre- 
senting the work in mechanics. Slides of 
anumber of teaching aids and a movie on 
a presentation of mechanics were shown. 
Examination techniques was the subject 


of another evening meeting, at which time 
Professor Howe gave a survey of types 
of examinations and methods of grading. 

One feature of the Summer School 
which received considerable favorable 
comment was the amount of ‘time left 
available for discussion. Approximately 
three hours were allocated to each session 
with one, or in a few cases two, scheduled 
speakers. At least an hour was available 
for general discussion of each of the 
topics, thereby giving all who were in- 
terested an opportunity to participate. 
Many excellent discussions were presented 
from the floor. 

At the closing dinner on Friday eve- 
ning Dr. Warren E. Wilson, President of 
the South Dakota School of Mines gave 
an excellent address on “Mechanies—The 
Foundation of Philosophy.” Inspection 
trips were scheduled to several of the 
Laboratories and in addition the Syn- 
chroton and College TV Station were 
visited by interested groups. 

Condensations of papers and discussions 
are scheduled to appear in the issues of 
the Mechanics Division Bulletin during 
the forthcoming year. 


ECPD News 


(Continued from 190) 
with the relationship of the neophyte en- 
gineer with his community. The commit- 
lee stated that the engineer has a certain 
Nsponsibility to his community since 
the public has “made a great investment 
inhim through the taxes and endowment 
funds provided for higher education. 
Too many young engineers, particularly 
inthe last few years, have been concerned 
with the ‘rights and privileges’ rather 


than with the obligations and responsi- 
bilities which the pursuit of the profes- 
sion entails,” the report stated. 

For guidance in integrating the engi- 
neer with the community, the committee 
surveyed present practices and found no 
cohesive program yet developed. To 
overcome this, the group said that the 
responsibility rests first with local sec- 
tions of engineering societies; second with 

(Continued on 195) 
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THE T-SQUARE PAGE 


Oficers TO THE INTERESTS Offcen 
T. T. Aakuus W. E. Stam 
c J. GERARDI, Editor E. Row 
University of Detroit W. 


Mid-Winter Drawing Division Program—ASEE 
Texas A. & M. College 
COLLEGE STATION, TEXAS 
January 18, 19, and 20, 1951 


The Agricultural and Mechanical College of Texas (Texas A and M) is celebrating its % 
Anniversary during 1950-51. The Drawing Division was invited to hold its Mid-Winter Meetiy 
at. College Station, Texas, during the annual meeting in Seattle. The Executive Committee » 
cepted the offer and fixed the dates of January 18, 19, and 20, 1951. The tentative progm 


includes: - 
(All Meetings in Memorial Student Center) 


Thursday, January 18, 1951 


7:00 A.M.—6:00 P.M. Inspection trip to Humble Oil and Refining Company (Gasoline refine, 
butadiene plant, and rubber plant) ; new ship channel tunnel; San Jacintp 
Monument; Battleship Texas; National Biscuit Company; new $100,0i)- 
000 Houston Medical Center; ete. Meet in lobby at 6:45 A.M. 


7 :30-10 :00 P.M. Dinner Meeting of the Executive Committee. Meet in lobby at 7:15 PY. 
Friday, January 19, 1951 

8 :00-8 :30 A.M. Registration 

8 :30-10 :00 A.M. Open House—Engineering Drawing Department (Anchor Hall). 

10 :00-12 :00 Noon Conducted tours of Texas A and M. 4 

12 :15-1:15 P.M. Drawing Division Luncheon. 


Greetings from the College, President M. T. Harrington. by 
Professor Ralph S. Paffenbarger, Chairman, Drawing Division of 
1:30 P.M. Division Program 
“The Design and Development of the Agricultural Airplane”—Fred } 
Weick, Research Engineer and Distinguished Professor of Aeronautial 
Engineering, Texas A. & M. College. 
“Drawings for Jigs and Fixtures’”—Homer Briggs, Reed Roller Bit Cm. 
pany, Houston, Texas. 
“Drafting Problems Encountered in Structural Steel Fabrication’- 
R. M. Sherman, Central Texas Iron Works, Waco, Texas. 
6:30 P.M. Dinner Meeting 
Music—Bryan High School Acapella Choir. 
Humorous—“The Future We’re Headed For It,” Cayce Moore, Te 
Nation’s Most Famous Barber. 
Speaker—“The Future of Plastics,’ Elgin B. Robertson, Texas Profts 
sional Engineer. 


Saturday, January 20, 1951 
8:00 A.M. Descriptive Geometry Film—Evaluating Committee: 
1. Professor J. H. Porsch, Chairman Engineering Drawing and Deseti 
tive Geometry, Purdue University. 
2. Professor C. C. Perryman, Engineering Drawing Department, Tem 
Technological College. 
“Technical Drawing Curriculum Leading to a Bachelor of Science Degre’ 
—Professor H. C. ae. Director, Technical Drawing Department, Ill: 
nois Institute of Technology. 
Discussion: Professor A. S. Levens, Division of Engineering Design, Uti 
versity of California. 
“A Re-examination of the Methods of Teaching Basic Drawing”—Profesw 
Meaty, Mechanical Engineering Department, Louisiana Polytech 
nstitute. 
Discussion : 1. Professor R. M. Coleman, Department of Engineering, Tes 
Western College. 
2. Professor R. P. Hoelscher, Head Department of General Engineerilg 
Drawing, University of Illinois. 


A ladies program is being planned. 

This is the program as of early October, 1950, when copy was submitted to the T-Square 
The final program with blanks for hotel accommodations for advanced registration will be 
members of the Drawing Division in December, 1950. 

College Station is on State Highway No. 6, half way between Waco and Houston. 

Reservations are to be returned to Professor B. F. K. Mullins, Engineering Drawing Deptt 
ment. Texas A & M College, College Station, Texas. 
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ANDERSON, CLIFTON A., Professor of Indus- 

trial Engineering, Pennsylvania State Col- 

lege, State College, Pa. E. B. Stavely, E. 

Baldwin. 

BentTLEY, Mark W., Instructor in Engineer- 

ing Drawing, Mississippi State College, 

State College, Miss. H. P. Neal, C. P. 

Marion, Jr. 

Broz, Paut P., Assistant Professor of 

Electrical Engineering, University of 

Southern California, Los Angeles, Calif. 

¢. T. Harness, R. C. Lewis. 

Buget, JoHN E., Instructor in Industrial 

Engineering, University of Arkansas, Fay- 

etteville, Arkansas. H. W. Risteen, G. F. 

Branigan. 

BLANKLEY, Roy Earu, Instructor in Engi- 
neering Industrial Arts, University of 
New Mexico, Albuquerque, N. Mex. M. C. 
May, R. J. Foss. 

BaapBuRY, DonaALpD, Associate Professor of 
Mechanical Engineering, Rhode Island 
State College, West Kingston, R. I. T. S. 
Crawford, F. W. Hoye. 

Ronatp S., Assistant Professor of 
Mechanical Engineering, University of 
Connecticut, Storrs, Conn. F. L. Castle- 
man, C. H. Coogan. 

BROCKENBROUGH, THOMAS W., Assistant 
Professor of Civil Engineering, Virginia 
Polytechnic Institute, Blacksburg, Va. 
E, B. Norris, F. C. Morris. 

BouGHTON, DEAN C., Assistant Professor 
of Mechanical Engineering, Syracuse Uni- 
versity, Syracuse, N. Y. J. S. Rising, 
J. A. King. 

Donap O., Instructor of Civil En- 
gineering, University of Colorado, Boul- 
der, Colorado. W. Raeder, H. H. Kelly. 
Eoxrrt, Kermit, Instructor in Electrical 
Engineering, California State Polytechnic 
College, San Luis Obispo, Calif. E. C. 
Glover, C. E. Knott. 

Eager, Marcy, Assistant Professor of Elec- 
trieal Engineering, Massachusetts Insti- 
tute’ of Technology, Cambridge, Mass. 
E. Tucker, K. L. Wildes. 


New Members 


Gustave E., Associate Profes- - 
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sor of Agricultural Engineering, Kansas 
State College, Manhattan, Kansas. F. C. 
Fenton, L. E. Conrad. 

Freap, JoHN W. N., Assistant Professor of 
Civil Engineering, South Dakota State 
College, Brookings, S. D. E. E. Johnson, 
R. D. Anderson. 

France, Epwarp L., Assistant Professor 
and Head, Automotive Department, Utah 
State Agricultural College, Logan, Utah. 
F. Preator, J. E. Christiansen. 

FRANKEL, JAcoB P., Assistant Professor of 
Engineering, University of California at 
Los Angeles, Los Angeles, Calif. W. L. 
Orr, C. M. Duke. 

Gates, NEWELL L., Director, Technical In- 
stitute, Franklin University, Columbus, 
Ohio. J. T. Faig, D. E. Deyo. 

GissER, Davip G., Instructor in Electrical 
Engineering, Rensselaer Polytechnic In- 
stitute, Albany, N. Y. W. C. Stoker, L. P. 
Winsor. 

GREAVES, MELVIN J., Associate Professor of 
Civil Engineering, Utah State Agricul- 
tural College, Logan, Utah. J. E. Chris- 
tiansen, H. R. Kepner. 

Grover, Kineman N., Instructor in Hu- 
manities. The Cooper Union, New York, 
N. Y. W. B. Embler, R. W. Cumberland. 

Haas, Vinton, B., Jz., Assistant Professor 
of Electrical Engineering, University of 
Connecticut, Storrs, Conn. K. L. Wildes, 
G. Timoshenko. 

Hanna, WILLIAM J., Assistant Professor of 
Electrical Engineering, University of Colo- 
rado, Boulder, Colo. G. Dobbins, H. H. 
Kelly. 

Hausman, G., Professor and Chair- 
man, Engineering Shop Practice Depart- 
ment, University of Kansas, Lawrence, 
Kans. K. E. Rose, A. 8. Palmerlee. 

Henpricks, Ira K., Director of Libraries, 
Utah State Agricultural College, Logan, 
Utah. F. M. Dawson, A. B. Bronwell. 

HENNICK, DoNALD CuMMINS, Assistant Pro- 
fessor of Mechanical Engineering, Uni- 
versity of Maryland, College Park, Md. 
8. 8. Steinberg, R. B. Allen. 


I. L. Hu 
G. 
E. Stem 
C. E. Row, 
H. C. Spenm 
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Hewitt, George S., Associate Professor of 
Electrical Engineering, University of Ar- 
kansas, Fayetteville, Ark. D. D. Lingel- 
bach, G. H. Scott. 

Hopson, Merk, Assistant Professor . of 
Chemical Engineering, University of Ne- 
braska, Lincoln, Neb. H. T. Bates, J. H. 
Weber. 

HOLLISTER, CLAY H., Professor and Head, 
Engineering Administration, Case Insti- 
tute of Technology, Cleveland, Ohio. 
O. M. Stone, H. R. Young. 

ISRAELSEN, ORSON W., Professor of Irriga- 
tion and Drainage, Utah State Agricul- 
tural College, Logan, Utah. F. M. Daw- 
son, A. B. Bronwell. 

Kemp, A. B., Instructor in Welding, Utah 
State Agricultural College, Logan, Utah. 
J. E. Christiansen, F. Preator. 

KuvuTe, DANrEL O., Assistant Professor of 
Mechanical Engineering, University of 
California, Berkeley, Calif. A. 8. Levens, 
J. L. Meriam. 

Ko.uiner, RALPH, Associate Professor of 
Civil Engineering, University of Pennsyl- 
vania (Towne School), Philadelphia, Pa. 
E. F. Stover, D. T. Harroun. 

Kravetz, ApAmM J., Lecturer in Electrical 
Engineering, University of Toronto, To- 
ronto, Ontario, Canada. G. F. Tracy, 
L. Lauchland. 

KuLesa, WALTER E., College and University 
Relations, General Motors Corporation, 
New York, N. Y. R. F. Moore, K. A. 
Meade. 

Larsson, Rosert D., Assistant Professor 
of Mathematics, Clarkson College, Pots- 
dam, N. Y. W. J. Farrisee, E. McHugh. 

LinpEroTH, L. Sicrrep, JR., Professor of 
Mechanical Engineering, Iowa State Col- 
lege, Ames. Ia. F. Kerekes, J. F. Downie- 
Smith. 

Maguire, JAcK H., Instructor in Civil and 
Architectural Engineering, University of 
Colorado, Boulder, Colo. OC. L. Eckel, 
H. H. Kelly. 

MaJor, CoLEMAN J., Associate Professor of 
Chemical Engineering, University of Iowa, 
Iowa City, Ia. K. Kammermeyer, F. M. 
Dawson. 

Matcotm, Donatp G., Assistant Professor 
of Mechanical Engineering, University of 
California, Berkeley, Calif. A. S. Levens, 
E. C. Keachie. 

MERKLEY, CHARLES N., Associate Professor 
of Woodwork and Building Construction, 


NEW MEMBERS 


Utah State Agricultural College, 
Utah. J. Conlam, F. Preator. 
MERRIAM, RoBERT W., Instructor in Elec: 
cal Engineering , Swarthmore (Colly 
Swarthmore, Pa. H. M. Jenkins, W,} 

Reaser. 

MosuHer, RayMmonp F., Associate Profe 
of Electrical Engineering, University 
Vermont, Burlington, Vt. L. F. Shon, 
H. M. Smith, Jr. 

NoREEN, ALFRED E., Instructor in Mecha 
cal Engineering, University of lings 
Urbana, Ill. J. A. Henry, R. J. Martin, 

Nyman, Ross A., Instructor in Woodwat 
and Building Construction, Utah Sta 
Agricultural College, Logan, Utah, }, 
Preator, J. Conlam. 

Osorio, Struve L. A., Associate Profesu 
of Sanitary Engineering, Harvard Th: 
versity, Cambridge, Mass. S. S. Steir 
berg, A. B. Bronwell. 

PaInTER, WILLIAM D., Assistant Profes 
of Civil Engineering, University of Ta- 
nessee, Knoxville, Tenn. L. BR. Shote, 
C. R. Ownbey. 

Piatt, Epwarp K., Assistant Professor of 
Engineering Drawing, Michigan Stat 
College, East Lansing, Michigan. 0. ¥. 
Fairbanks, D. M. Fullmer. 

REESE, LYMON CLIFTON, Assistant Profeswr 
of Civil Engineering, Mississippi State 
College, State College, Miss. D. M. Me 
Cain, E. D. Myers. 

Roserts, J. Kent, Assistant Professor of 
Civil Engineering, Missouri School of 
Mines and Metallurgy, Rolla, Mo. V.A 
C. Gevecker, L. Hershkowitz. 

RoLuins, JoHN P., Assistant Professor of 
Mechanical. Engineering, Clarkson Colleg 
of Technology, Potsdam, N. Y. E. Me 
Hugh, M. G. Mochel. 

Lity L., Director, Placement Ca 
ter, University of Houston, Housto, 
Texas. L. J. Castellanos, W. B. Lowe. 

Scort, Norman R., Assistant Professor 
Electrical Engineering, University of Cor 
necticut, Storrs, Conn. L. E. Williams, 
G. Timoshenko. 

Scott, Ronatp E., Instructor in Electril 
Engineering, Massachusetts Institute 
Technology, Cambridge, Mass. © & 
Tucker, K. L. Wildes. 

SHaw, G. MERRILL, Assistant Professor # 
Metalwork, Utah State Agricultural (i 
lege, Logan, Utah. J. E. Christians, 
F. Preator. 
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GEoRGE D., Assistant Professor 
of Engineering, Kansas State College, 
Manhattan, Kansas. A. O. Flinner, H. T. 
Ward. 

SHIRLEY, JOHN W., Dean, Basic Division of 
the College, North Carolina State College, 
Raleigh, N. C. J. H. Lampe, J. W. Har- 
relson. 

SxiLinc, HueH H., Professor of Electrical 
Engineering, Stanford University, Stan- 
ford, Calif. E. Grant, D. H. Young. 

SnypER, NORMAN F., Senior Teacher, Engi- 
neering Section, General Motors Institute, 
Flint, Mich. H. M. Dent, L. C. Lander. 

§rzin, RoBeRT, Assistant Professor of Elec- 
trical Engineering, City College of New 
York, New York, N. Y. C. Froelich, H. 
Wolf. 

§rerk, Ropert P., Instructor in Petroleum 
Engineering, University of Houston, Hous- 
ton, Tex. L. J. Castellanos, W. B. Lowe. 

SmaicHT, D. ARTHUR, Lecturer, Manage- 
ment and Personnel, Newark College of 
Engineering, Newark, N. J. C. H. 
Stephans, F. N. Entwisle. 

§rraiT, JOHN M., Instructor in Engineering, 
Eastern New Mexico University, Portales, 
N. M., R. S. Paffenbarger, C. E. Mac- 
Quigg. 

Sullivan, THoMAS M., Engineer of Air- 
ports, Port of New York Authority, New 
York, N. Y. W. 8S. LaLonde, J. M. 
Robbins. 

Swenson, Dan H., Instructor in Woodwork, 


ECPD 


(Continued from 191) 

various community organizations; third 
with the employer; and fourth with the 
young engineer himself. Business and 
service groups were also urged to de-~ 
velop organized programs to welcome 
newcomers. “Integrating the young en- 
gineer into his community will remain a 
problem only so long as it is a neglected 
problem. Only a little thought given to 
its solution in each community will lead 
to an effective program,” the committee 
coneluded. 

The fourth part of the volume dealt 
vith engineering registration laws. The 
mewpoint of the E.C.P.D. committee 
was that legal recognition does not con- 
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Utah State Agricultural College, Logan, 
Utah. J. E. Christiansen, F. Preator. 
Szeao, Grorce C., Assistant Professor and 
Head, Chemical Engineering, Seattle Uni- 
versity, Seattle, Wash. O. M. Klose, C. F. 

Gerald. 

THIBODEAUX, MurpHy H., Instructor in 
Civil Engineering, The Rice Institute, 
Houston, Texas. L. B. Ryon, M. R. 
Marsh. 

THOMSON, CHRISTIAN R., Instructor in 
Radio, Waite High School, Toledo, Ohio. 
W. G. Rohr, W. F. Rohr. 

TUTTLE, Mitton A., Associate Professor of 
Ceramic Engineering, North Carolina 
State College, Raleigh, N. C. W. W. 
Kriegel, K. P. Hanson. 

Witson, WILLIAM H., Instructor In Engi- 
neering Drawing, Case Institute of Tech- 

_ nology, Cleveland, Ohio. O. M. Stone, 
H. R. Young. 

Work, CLype E., Instructor in Theo. and 
Applied Mechanics, University of Illinois, 
Urbana, Illinois. W. M. Lansford, W. E. 
Black. 

WRIGHT, Haro_p E., Instructor in Mechani- 
eal Engineering, University of Dayton, 
Dayton, Ohio. J. H. Parr, A. R. Weber. 

Wricut, WILLIAM F., Assistant Professor of 
Mechanical Engineering, Vanderbilt Uni- 
versity, Nashville, Tenn. B. M. Bayer, 
C. H. Bonney. 


178 new members this year 


News 


stitute professional maturity, but rather 
represents a minimum requirement for 
engineers. Full professional development 
depends on continued study and practice 
of engineering with recognition of re- 
sponsibility to associates, employer and 
the public. The committee places on the 
shoulders of the engineering societies the 
responsibilities for providing inspiration 
to carry individuals far beyond the mini- 
mum standards of education and experi- 
ence which are set by the state. 

The final part of the study concerns 
methods and sample tests to help the 
young graduate make a self-appraisal of 
his qualifications so that he can redirect 
himself to take advantage of the oppor- 
tunities offered. 


AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


NOMINATION BLANK 


“ARTICLE XI, Section 3. (Election of Officers) By means of a form to be printed 
in The Journal of Engineering Education or in the preliminary program of the annual meel- 
ing, an opportunity shall be given to individual members of the Society to submit names of 
persons to be considered for said officers. These names, on the form provided, shall be sent 
to the Secretary of the Society not less than sixty (60) days prior to the annual meeting; and 
the Secretary shall submit the suggested names to all members of the Nominating Committee” 


In order to make the election of officers of the Society as democratic as possible, 
members are urged to fill out the nomination form and return before April 1, 1951 
to the Secretary, A. B. Bronwell, Northwestern University, Evanston, Illinois, 


I nominate the following members of the Society for officers : 


North 


Ohio 


Pacifi 


Pacifi 


South 


South 


Upper 


4 
Illinoi 
Michig 
Missot 
Natio1 
New 
; (In Charge of Sections and Branches—two years) 
ves 600 6 8 6 


be printed 
nnual meet- 
it names of 
hall be sent 
reeting ; and 
Committee.” 


possible, 
ril 1, 1951 
Illinois. 


Section 
Allegheny 


[llinois-Indiana 


Kansas-Nebraska 


Michigan 


Middle Atlantic 


Missouri 


National Capital Area 


New England 


North Midwest 


Ohio 


Pacific Northwest 


Pacific Southwest 


Southeastern 


Southwestern 


Upper New York 


Section Meetings 


Location of Meeting 
Carnegie Institute 


Purdue University 


Kansas State College 


General Motors 
Institute 


Stevens Institute of 
Technology 
Missouri School 
of Mines 


Naval Ordnance 
Laboratory 


University of 
New Hampshire 


University of 
Minnesota 

Ohio State 
University 


University of Idaho 


Stanford University 
Buena Vista Hotel 
Texas A. & M. College 


University of 
Buffalo 


Dates 
April, 1951 


May 20, 1950 


Oct. 13-14, 
1950 


May 20, 1951 


Dee. 9, 1950 


April 1, 1950 


Oct. 3, 1950 
Feb. 6, 1951 
May 12, 1951 


Oct. 14, 1950 


Oct. 6 & 7, 
1950 


April 29, 1950 
1951 


Dec. 28 & 29, 
1949 


- March 22, 23, 


24, 1951 
April, 1950 


Oct. 13 & 14, 
1950 


Chairman of Section 
D. F. Miner 
Carnegie Institute 
D. 8. Clark, 

Purdue University 


F. W. Norris, 
University of 
Nebraska 
H. M. Dent, 


General Motors 
Institute 


C. H. Willis, 
Princeton University 


C. M. Wallis, 

University of 
Missouri 

R. B. Allen, 

University of 
Maryland 

W. C. White, 

Northeastern 
University 

C. J. Posey, 

University of Iowa 

S. R. Beitler, 

Ohio State 
University 

A. §. Janssen, 

University of Idaho 

R. J. Smith, 

San Jose State 
College 

E. B. Norris, 

Virginia Polytechnic 
Institute 

W. H. Carson, 

Oklahoma University 


F. H. Thomas, 
University of Buffalo 


Members of the Society are welcome at all Section Meetings 
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June 25-29, 1951 
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| VAN NOSTRAND 
| FOR COLLEGE TEXTS 


Important Texts In Our 
VOSS ENGINEERING SERIES 


MATERIALS OF CONSTRUCTION 
WOOD, PLASTICS, FABRICS 


By ALBERT G. H. DIETZ, Massachusetts Institute of Technology. 
Presents an analysis of the properties and uses of wood, plastics and 
fabrics from the standpoint of their fundamental structure and behaviour. 
Designed for a one-term course, and me 0 some knowledge of 
strength of materials, basic chemistry and physics. 


347 pp. Cloth 6x9 — Many Illustrations $4.50 


DWELLING HOUSE CONSTRUCTION 


By ALBERT G. H. DIETZ. Presents in detail the construction of 
frame dwellings—from inspection of the initial location to the final coat 
of paint. Material is presented in logical, orderly sequence—just as 
order in which house would be built. Demonstrates how knowledge of 
same construction details may be used for highly diversified architectural 
-_ — of achieving fire resistance for frame dwellings are 
emphasized. 


286 pp.—————— Well Illustrated Cloth $4.50 


SEMI-FIREPROOF CONSTRUCTION 


By HOWARD R. STALEY, Massachusetts Institute of Technology. 

Designed for junior architectural or building engineers with wood or 

frame construction as a prerequisite. The material is arranged so that 

—_ — or operation is treated as a special chapter or article. Well 
justrated. 


327 pp.———6 x 914————Cloth Tilustrated $4.50 


FIREPROOF CONSTRUCTION 


By WALTER C. VOSS. Offers engineering and architectural students 
the sequence of construction of first class fireproof building—and fur- 
nishes them with a background for handling of men, materials and 
equipment. 

286 pp. Tlustrated——Cloth_—_9 x 6% $4.50 


Si 
ASAE: D. VAN NOSTRAND COMPANY, INC. 
250 FOURTH AVENUE NEW YORK 3, NEW YORK 
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MECHANICAL ENGINEERS’ HANDBOOK. New Sth 
edition 


edited by Lione, S. Marks, Harvard University. In press 
A new revised 5th edition which presents both fundamental theory 
and the latest data of experiment and research. Hundreds of con- 


cise descriptions, fundamentals, formulas, methods, tables, diagrams, 
etc. are included. 


PRINCIPLES OF ELECTRICAL ENGINEERING. The- 
ory and Practice. New 3rd edition 


By Grover C. Bratock, Purdue University. 605 pages, 
$5.50 


Presents fundamental principles in concise form with frequent refer- 
ences to practical application. I]lustrative examples are used freely. 


All material has been carefully reviewed and revised for increased 
clarity of presentation. 


PLANT ENGINEERING HANDBOOK 


Editor-in-chief: WILLIAM STantar, Consulting Engineer. 2007 
pages, $15.00 


Contains authoritative information on 77 subjects pertinent to the 
economical, mechanical, chemical, and power operation of industrial 
plants. In addition to containing necessary tables, formulae, 
graphs, and quick reference information, each subject is an individual 
treatise which can be studied and digested. 


ENGINEERING MECHANICS. New 3rd edition 


By S. TimosHENKO and D. H. Youne, Stanford University. 
517 pages, $5.50 


Designed to develop in the student a strong foundation in the funda- 
mental principles of mechanics, to acquaint him with as many general 
methods of attack as possible, and to illustrate the application of 
these methods to practical engineering situations. 


Send for copies on approval 
McGRAW-HILL BOOK COMPANY, Inc. 


330 West 42nd Street New York 18, N. Y. 
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